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INTRODUCTION 


N studying the dynamics of the heart beat it is customary to regard ven- 

tricular systole as the interval between the onset and the end of mechanical 
shortening, or, to be more precise, as nearly as these events can be deter- 
mined from pressure curves of the ventricles and arteries or from the heart 
sounds (Wiggers'). While it is generally recognized that at least the early 
part of the QRS deflection of the electrocardiogram is due to impulse con- 
duction and therefore precedes ventricular contraction, it is often supposed 
that these intervals are sufficiently constant so that the interval from Q to 
the end of T, or from S to the end of T, may be taken as a criterion of 
mechanical systole. Since Garten? and Wiggers and Dean* have independ- 
ently shown in experimental animals that the end of T bears a variable 
relation to the end of mechanical systole, we cannot feel justified in using 
electrical systole as a measure of the mechanical systole until it has been 
definitely shown (1) that reasonably constant differences exist between 
mechanical and electrical systoles of different subjects, and (2) that in 
the same subject they change both in the same direction and magnitude 
under altered conditions of the circulation. 


PLAN OF EXPERIMENTATION 


The first of the preceding problems could, of course, be studied entirely 
in man; and although the effects of such influences as exercise, anoxemia, 
ete., might, of course, be equally well studied in man, these represent such 
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complex reactions that the separate effects of heart rate, venous return and 
arterial resistance cannot be readily disentangled. For this reason it seemed 
more desirable to turn to experimental work on dogs. 

Consequently, the first problem was studied both in normal men and in 
dogs, the latter being anesthetized with chloretone but unoperated. The 
second problem was followed up on the same animals by studying separately 
the influence of changes in heart rate, venous return and arterial resistance 
which have been shown to affect definitely the duration of mechanical systole 
(Wiggers*). To accomplish this the procedures necessary to record mean 
blood pressure tracings, to compress the aorta, to inject saline or to stimulate 
nerves were carried out at appropriate times during the course of the experi- 
ments. 

Electrocardiograms and heart sounds by direct optical capsules were 
also recorded simultaneously, the former records serving to determine elec- 
trical systole, the latter mechanical systole (see Figs. 1-6). 

These records were taken on bromide paper traveling from 70 to 80 mm. 
per second, and by magnification, calculations to within 0.005 second could 
be made. From 10 to 20 consecutive beats were calculated, tabulated and 
analyzed as indicated below. 


RELATION OF MECHANICAL AND ELECTRICAL SYSTOLE IN DIFFERENT UNOPERATED 
ANESTHETIZED DOGS 


In the first half of Table I are shown the relation between mechanical 
and electrical systoles as found in different dogs; in other words, the inter- 
vals between the beginnings of the two heart sounds, and the intervals from 
Q to the end of the T deflection of Lead II. The figures listed in the first 
two columns for each dog represent extreme ranges of corresponding sys- 
toles. These results from 16 dogs are arranged somewhat in accordance with 
the average cycle length. 

A study of these results indicates that while mechanical systole is gen- 
erally shorter than electrical systole, the difference is a fairly constant one in 
any given animal, even when the cycle length varies slightly from beat to beat. 
Usually the differences amount to no more than 0.005 to 0.01 second. When, 
however, different animals are compared, the difference is not a constant 
one. Actually the differences range from 0 to 0.1 seconds but the predomi- 
nant variations fall between 0.025 and 0.05 second. Calculations using elec- 
trical systole as a standard show that the use of this interval as a criterion 
of mechanical systole can involve an error as high as 31 per cent when dif- 
ferent animals are considered, but the average error incurred is probably 
between 10 and 20 per cent. More important than the actual percentile 
error is the variability of the difference, which is the more unfortunate as 
there is apparently no way of estimating the magnitude of difference between 
mechanical and electrical systole in animals. As indicated by a study of the 
data presented in Table I it is not determined by cycle length, nor was it 
found on studying the records that it mattered whether the final T is posi- 
tive or negative. 

The differences noted were never occasioned by variations in the prob- 
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TABLE I 
A. RESULTS IN Docs 


PER- 
MECHAN- ELEC- DIFFERENCE 
SYSTOLE SYSTOLE ATIONS MECHANICAL 
SYSTOLE 
C 326 -175-.185 | .205-.215 | .03 + 14% .03 .175-.18 0 
C 319 -190-.195 | .215-.230 | .025+ 11% .035 18 -.195 | -—01- 0 
C 329 -190-.200 | .240-.250 | .05 + 20% .035 .205-.215 +.015 + 
C 318 .195-.200 | .195-.205 0 0 .03 .165-.175 — .03- .025 
C 327 .195-.225 | .305-.320 | .10 + 31% .04 -265-.29 + .07-+.065 
C 335 -195-.205 | .255-.265 | .06 + 23% -035 .22 -.23 +.025 
C 332 .200- .225-.230 | .025+ 11% -030 .195-.200 -.005- 0 
C 330 -200-.205 | .250-.255 | .05 + 20% .03 .22 -.225 + .02- .025 
C 316 .210 .250-.250 | .04 + 16% 04 21 0 
C 320 .210-.220 | .245-.250 | .035+ 14% -03 .215-.220 | +.005- 0 
C 328 .210-.220 | .300-.310 | .09 + 30% .035 .265-.275 +.055- .045 
C 334 .210-.220 | .215-.225 | .005+ 2% -030 .185-.195 +.025-+.035 
C 331 .210-.235 | .250-.280 | .050+ 18% .04 .21 -.24 0-+.005 
C 324 .220-.225 | .240-.250 | .025 10% . .21 -.22 -.01 - .005 
C 333 .225-.240 | .290-.305 | .065+ 21% .04 .250-.265 +.025 
C 321 .235-.245 | .260-.280 | .030+ 10% .035 .225-.245 | -.01- 0 
B. RESULTS IN MAN 
C, J.C. .250-.255 | .290-.280 | .04 + 14% -050 .240-.230 -.010- .025 
B, S.E. .255-.270 | .270-.285 | .015+ 5% .035-— .235-.250 -.020- .020 
G, R.S. .270-.280 | .290-.290 | .015+ 5% .050 .240-.240 -.030- .040 
, FR. .285-.300 | .300-.300 | .015+ 0 -050 -250-.250 -.035- 0 
S, H.R. .295-.305 | .310-.315 | .010+ 3% .040 .270-.275 -.025- .030 
W, W.R. | .305-.315 | .325-.340 | .020+ 6% -050 .275-.290 -.030- .025 
E, L. 8S. .305-.315 | .305-.305 0 -.01 + 3% .U50 .255-.255 -.050- .060 
B, D.A. .310-.320 | .335-.335 | .020+ 6% .045 .290-.290 -.020- .030 
M, L.S. .315-.330 | .320-.330 | .005+- 0 1.5% .040 -280-.290 ~-.035- .040 
C, E. .320-.335 | .330-.335 | .010+-0 3%-0 .050 .280-.285 -.040- .050 
B, C.H. 330-355 | .325-.335 | .005-.020+) 1.5%-6% .040 -285-.295 ~.045- .060 
¥, A. .340-.350 | .365-.37u | .020+ 5% .045 .320-.325 -.020- .025 


able rate of ventricular excitation, as evidenced by the duration of the QRS 
complex (see Table I) but the variable time differences occur almost ex- 
clusively in the variable S-T interval. It follows that this interval is also not 
constantly related to mechanical systole length, being sometimes slightly longer 
(e. g., Exp. C. 329, 327, 335), at other times somewhat shorter (e. g., Exp. 
C 318, 334). Usually the differences were no more than 0.025 second, but 
occasionally differences as great as 0.055 to 0.07 second were obtained. 

Similar results, it may be added, were obtained from animals in which 
the vagi had been prepared but not cut, and in which operative procedures 
necessary to record mean blood pressure had been carried out. 


RELATION OF MECHANICAL AND ELECTRICAL SYSTOLE IN DIFFERENT MEN 


In the latter half of Table I are listed the results from 12 medical stu- 
dents, which are representative of a much larger series that could be similarly 
tabulated. Features similar to those already analyzed in detail above are 
shown. The differences between mechanical and electrical systole are not 
as great, however, as in the dog, for while the extreme difference was 0.04 
second, more commonly it was only 0.02 second or even less. This shorter 
interval indicates that in man contraction starts relatively sooner after 
the initial deflection than in the dog. The S-T interval was quite uniformly 
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less than the mechanical systole by 0.02 to 0.05 second. This, together with 
a comparison with the QRS intervals, shows that the differences arising are 
not attributable to variations in the initial deflections. Using the electrical 
systole again as a standard, calculations show that errors equal to from 0 to 
14 per cent may be involved, although usually it is no greater than 3 to 5 
per cent. 


INFLUENCE OF CHANGES IN HEART RATE 


It has been shown by numerous investigations both on animals and man 
that fundamentally the duration of mechanical systole varies quite definitely 
with the duration of preceding diastole. Changes in heart rate were pro- 
duced by (a) reflex acceleration consequent to a fall of arterial pressure fol- 
lowing administration of amylnitrite, (b) by vagotomy, (¢) by stimulation 
of the peripheral vagus stump, (d) stimulation of accelerators, and (e) in- 
jection of epinephrin after double vagotomy. 


TABLE II 
Errect oF AMYL NITRITE 
ELECTRICAL MECHANICAL 
EXPERIMENT DIFFERENCE REMARKS 

C 329 .260 195 .065 Normal 
250 .180 070 After Amy] Nitrite 
.220 .155 .065 
.210 .150 -060 $6 
-225 .160 -065 

C 330 .250 .200 .050 Normal 
-250 .190 .060 After Amyl Nitrite 
-240 -185 .055 

C 332 .220 -205 .015 Normal 
.220 .185 .035 Amyl Nitrite 
.200 .180 .020 ad 
.220 .170 .050 ‘4 

C 333 -290 .240 .050 Normal 
-260 .225 .035 Amyl Nitrite 
.280 -210 .070 

C 334 .225 215 -010 Normal 
.210 .005 Amy] Nitrite 
.215 -200 .015 
.215 .185 .020 


In order to determine whether corresponding mechanical and electrical 
systoles at different cycle lengths (in the same animal) show proportional 
changes, or whether one alters more than the other, the computed electrical 
and mechanical systoles of consecutive cycles at different heart rates were 
plotted. To economize illustrations the results of heart rate changes in the 
same animal, when induced by various methods, are combined in a single 
plot (Fig. 1). A study of seven such experiments indicated that in the same 
animal there is no very definite relation between mechanical and electrica} 
systole of individual beats when the heart rate is changed by direct or 
reflex nervous channels. 
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In order to determine whether the predominant electrical and mechan- 
ical systoles show corresponding deviations, as the heart rate changes, tables 
such as are shown as Tables II, III, IV, ete., were constructed. 

In Table II these differences preceding, during and after inhalation of 
amyl nitrite are shown in five experiments. The results are somewhat vari- 
able. As the heart accelerates, after inhalation of amyl nitrite mechanical 
systole invariably shortens. In several instances electrical and mechanical 
systoles shorten practically proportionately (C 329, 330, 334). In others, 
however, the electrical systole shortens less (C 332, 333). Furthermore, as 
in experiment C 333, the first tendency may be for electrical systole to 
shorten more than mechanical, but later the shortening of mechanical systole 
predominates. This shows clearly that there is no very constant relation 
between the lengths of mechanical and electrical systole when the heart is 
accelerated reflexly as the blood pressure falls from peripheral causes. 


TABLE IIT 
EFFECT OF VAGOTOMY 


ELECTRICAL MECHANICAL 
EXPERIMENT DIFFERENCE REMARKS 
C 324 .210 035 Control 
.220 Left vagus cut 
.245 .210 035 
.250 215 035 Right ‘* 
.245 195 
.240 -200 .040 
245 .210 .035 
C 331 .250 .205 Control 
.245 -200 .045 Left vagus cut 
-250 180 .045 
180 160 -070 
185 160 = 
-200 160 .040 
-160 
C 332 230 -180 .050 Control 
.235 .190 .045 Left vagus cut 
.230 175 
220 .040 Right ‘* 
.220 195 .025 
220 175 .045 
C 333 260 .210 -050 Control 
255 -200 Left vagus cut 
.245 180 
.250 185 .065 


The effects of left and right vagus section were studied in eleven animals. 
In Table III only four of these are reproduced by way of illustration. They 
show that, as a rule, mechanical and electrical systoles change in the same 
direction but not to the same extent. Thus in experiment C 331, electrical 
systole was reduced from 0.25 to 0.18, a difference of 0.07 second; while 
mechanical systole shortened from 0.205 to 0.16, i. e. 0.045 second. In 
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TABLE IV 


EFFECT OF VAGUS STIMULATION 


3 ELECTRICAL | MECHANICAL CYCLE 
EXPERIMEN SYSTOLE | DIFFERENCE REMARKS 

C 316 .220 .190 -030 .420 Control 
.240 .220 .020 1.350 Left vagus immediate 
.230 .220 .010 .600  eontinued 
.240 .220 .020 .600 stabilized 
.220 .200 .020 .430 Normal immediate 
.220 025 .420 stabilized 
.260 .230 .030 2.100 Right vagus immediate 
-260 .240 .020 1.100 continued 
.270 .270 1.170 ‘¢ stabilized 
.245 255 Reversed 565 Normal immediate 
.235 .220 550 $6 stabilized 

C 319 .180 -150 .030 .350 Normal 
.190 -160 .030 .350 Left vagus immediate 
.220 .035 2.910 stabilized 
175 .020 .370 ‘¢ continued 
175 .145 .030 Normal after 

-180 150 .030 335 Normal] stabilized 

185 155 030 A15 Right vagus (mild) 
155 .035 425 stabilized 

C 328 .225 .370 Normal control 
.290 185 105 1.415 Left vagus immediate 
.275 .220 055 .940 
.240 .195 .045 Normal after 
.230 -160 .070 365 stabilized 
.230 160 .070 
150 105 530 Right vagus immediate 
.260 .180 .U80 540 stabilized 
.230 175 .055 .390 Normal after 

C 333 .245 .060 580 Normal 
.280 220 060 1.185 Left vagus immediate 
.255 -205 .050 570 ‘¢ stabilized 
.250 .190 .060 565 Normal after 
.270 .220 .050 975 Right vagus immediate 
.275 .220 .055 -790 stabilized 

C 334 -205 .190 .015 Normal 
235 .245 Reversed 965 Left vagus 
.230 .240 .600 
.220 .240 505 Normal after 
.205 .200 .005 405 os stabilized 
240 .260 Reversed 1.380 Right vagus 
.215 .245 - 510 Normal after 


other experiments, however, electrical systole is shortened less than mechan- 
ical, e. g., in C 324 and C 333. 

The effects obtained immediately after stimulation of either the right 
or left peripheral vagus, as well as those obtained after stimulation had 
been continued for some time and after cessation of stimulation, were studied 
in 13 different dogs. In Table IV, the results of five illustrative cases are 
shown. The results of 26 stimulations on 13 dogs showed that mechanical 
and electrical systole lengthened nearly equally in six instances (e. g., C 319 
right and left vagi, C 33 right and left vagi). In these instances this was 
an immediate as well as a stabilized effect, as long as stimulation continued. 
In 19 other instances mechanical systole tended to lengthen more than 
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electrical when a stabilized beat had been obtained (Exp. C 316 right and 
left, C 334 right and left). In four of these instances on three different dogs 
the lengthening of mechanical systole became even greater, so that it now 
exceeded the electrical systole in duration (C 334 right and left vagi). In 
two other observations mechanical and electrical sys‘:ie became equal in 
length (e. g., C 316 right vagus). . 

Analyzing now the changes in consecutive beats auring the continuance 
of vagus stimulation it was found that, as the cycles lengthen, there is never 
a proportional lengthening of mechanical and electrical systole in seventeen 
of the twenty-six observations (C 316, 328, 334). In three cases there was no 
immediate proportionality in the systole lengths determined from the electro- 
eardiogram and heart sounds, but during stabilized beats they subsequently 
became proportional (C 328 left vagus). 

As regards the promptness of change after vagus stimulation had been 
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Fig. 1.—Plots showing lack of relation between electrical systole (upper) to mechan- 
ical systole at different cycle lengths in the same animal (Exp. C 333). Equidistant dotted 
line drawn to aid the eye in evaluating relations; . indicates cycles in unoperated animals; 
x after amyl nitrite on unoperated animals; © cycles after neck operated; @ after vagotomy ; 
A during mild vagus stimulation. 


inaugurated, it was found that mechanical and electrical systole usually 
begin to lengthen simultaneously if not to the same extent; in some instances 
electrical systole lengthens before mechanical. This is well shown in the 
curve of Fig. 2. As shown by the numerals written at the top and bottom 
of the records, the electrical systole begins to increase abruptly to a maxi- 
mum, while the lengthening in mechanical systole is gradual and progressive. 
Attention may again be directed to the fact that the variation in the length 
of electrical systole occurs entirely in the S-T period, the QRS interval re- 
maining unaltered. 

Three experiments only were satisfactory as regards the effects of stimu- 
lating the accelerator mechanism by way of the stellate ganglion. These 
all showed a total lack of agreement between the changes undergone by 
mechanical and electrical systole, as indicated in the plot of Fig. 1. 
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THE INFLUENCE OF AUGMENTED AORTIC RESISTANCE 


Since it has been shown that an increase in aortic resistance tends to ab- 
breviate mechanical systole at corresponding heart rates, the comparative 
changes in electrical systole under these conditions were also determined. 
The procedures employed to accomplish this were (a) compression of the 
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abdominal aorta, and (b) reflex vasoconstriction produced by exciting the 
central end of the vagi nerves. In both cases both vagi had been divided 
and the reactions were controlled by mean blood pressure observations. 
Eleven observations on the effect of aortic compression were made on 
eight different animals. Of these only seven showed the characteristic short- 
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ening of mechanical systole due to inereased aortic pressure. The outstand- 
ing feature in all of these experiments was the constancy of the electrical 
systole while the mechanical systole shortens. This is illustrated in the two 
segments of records shown in Fig. 3. While the electrical systole remained 
constant at 0.22 second during the maximal elevation of arterial pressure, 
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the mechanical systole ranging from 0.215 to 0.22 second before compression 
decreased to the range of 0.19 to 0.195 second. 

A total of 18 observations on 9 dogs were made as to the effects of cen- 
tral vagus stimulation. Such stimulation yielded an excellent elevation of 
pressure in each case. Three types of reactions on the heart were observed. 
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In one, the effects were in all respects similar to those of aortic compression 
and illustrated in Fig. 3 i.e., mechanical systole shortened while electrical 
systole remained constant. In a few experiments illustrated by the segments 
of Fig. 4 mechanical and electrical systole decreased about equally. In a 
third type, found in four observations, the heart accelerated slightly and 
the T wave became negative, as shown in Fig. 5. We are not prepared to 
interpret the significance of this inversion but wish to record the fact that, 
in these particular experiments, small doses of epinephrin caused a similar 
inversion. As regards the relation of mechanical and electrical systole it 
was found in these cases that, while mechanical systole shortened very ap- 
preciably, electrical systole shortened to a lesser degree. For example, in 
the experiment of Fig. 5, mechanical systole shortened by 0.07 second, elec- 
trical 0.045 second. No change in the amplitude, configuration or duration 
of the QRS interval was evident, showing incidentally that it is quite pos- 
sible to obtain complete inversion of the T wave without changes in the 
initial deflections. The projection of the second heart sound upon the elec- 
trocardiographie curve shows, furthermore, that whereas mechanical systole 


Fig. 6.—Electrocardiogram and heart sounds showing changes in electrical and 
mechanical systole. A, normal control; B, after epinephrin. 


ended after the entire completion of the T wave, it now occurs near the bot- 
tom of the negative deflection. 


THE COMBINED INFLUENCE OF CARDIAC ACCELERATION AND AUGMENTED RESISTANCE 
RESULTING FROM ADMINISTRATION OF EPINEPHRIN 


The effect of 1 or 2 e.c. of a 1:100,000 epinephrin solution was listed 
in eight experiments, the results of which were tabulated and plotted as be- 
fore. It must at once be stated that such injections tend to modify the 
character of the final deflection. In most experiments it either completely 
inverts a positive T wave, or renders a slight tendency to negativity of this 
wave more pronounced (Fig. 6). In other instances the final deflection was 
modified, in that a negative wave was followed by a slight positive wave. 
In such instances some difficulty is experienced in determining the end of 
electrical systole, but it may be stated that totally discordant results are 
derived unless the end of the negative variation is taken in such eases. In 
our report only those experiments (5 in number) where a definite unidirec- 
tional final deflection resulted are included. Four examples are shown in 
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TABLE V 


EFFECT OF EPINEPHRIN 


ELECTRICAL MECHANICAL 
EXPERIMENT DIFFERENCE REMARKS 
C 319 -190 165 025 Control 
.180 120 -060 Epinephrin 
.180 -130 .050 
-180 -130 .050 
-180 -140 .040 
-180 145 
C 320 -180 170 010 Control 
. 190 115 075 Epinephrin 
185 -150 .035 
.200 175 025 After 
.200 195 005 After 
C 324 .220 205 015 Control 
195 055 Epinephrin 
195 130 065 
.140 .050) 
195 Late effects 
C 335 .220 -170 -050 Control 
.220 150 .070 Epinephrin 
.210 135 075 
225 085 
TABLE VI 
EFFECT OF SALINE INFUSION 
we ELECTRICAL | MECHANICAL 
EXPERIMENT| SYSTOLE | DIFFERENCE CYCLE REMARKS 
C 328 .225 -070 .340 Control 
.230 160 .070 350 Saline infusion 
.230 170 350 
.220 175 045 345 
.220 180 040 350 
C 329 225 .180 045 415 Control 
.230 195 035 415 Saline infusion 
225 .200 .025 .380 
.230 .200 .030 .400 
255 .220 035 .440 
C 332 215 175 .040 505 Control 
245 220 025 550 Saline 
215 .010 485 
.250 210 .040 585 Control 
C 333 .260 215 045 605 Saline 
275 .050 605 
Table V. These tables and also the curve of Fig. 6 show that while the elec- 


trical systole tends to remain unaltered or decreases very slightly, mechan- 
ical systole is greatly reduced, thereby greatly increasing the difference. 
The discrepancy is entirely due to variations on the S-T interval. 


THE INFLUENCE OF INCREASING VENOUS RETURN 


Our experiments on the influence of increasing the volume of venous re- 
turn by saline infusion were not as striking as might have been desired, 
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owing to the fact that we did not appreciate at the time that somewhat 
larger infusions are necessary to produce striking effects. Nevertheless, 
some lengthening of mechanical systole was shown in the six experiments in 
which infusion was given. Four of these are shown in Table VI: In only 
one instance (C 333) was a proportionate lengthening of electrical systule 
obtained. In this case the proportionality was maintained .in spite of the 
fact that the T deflection became negative during the course of the infusion. 
In all other instances electrical systole either did not change at all, or the 
lengthening was less than that of mechanical systole by 0.01 to 0.035 second. 


SUMMARY 


1. In comparing electrical and mechanical systoles in different animals 
and men, it was found that the electrical systole (Q to end of T) is longer 
than mechanical systole by a variable and undeterminable interval. In dogs 
this involves at least an error of 10 to 20 per cent while in man the error 
is less, i.e., 3 to 5 per cent. These differences are not due to variations in the 
QRS interval, but are due to inherent variations in the S-T interval. 

2. In comparing the changes in electrical and mechanical systoles dur- 
ing altered conditions of the circulation, it was found that usually—but by 
no means always—the two changed in the same direction, but only rarely 
to equal degree. This was shown to be true (a) when the heart was either 
slowed or accelerated, (b) when the arterial resistance increased, and (c) 
when venous return augmented. 

We must, therefore, conclude that waves of the electrocardiogram can 
be used as an index of ventricular systole only when no great degree of 
accuracy is required. 

We wish to make grateful acknowledgement to Professor Carl J. Wig- 
gers for his guidance and many helpful suggestions. 
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HEART BLOCK* 
A Report oF AN UNusuAL CASE 


G. K. Fenn, M.D., Cutcaco Hetcuts, IL. 


HE following case is reported not because of any novel clinical features 

but because of the unusual number of cardiac mechanisms exhibited dur- 
ing the time the patient was under observation in the hospital, and the un- 
usual behavior of the heart during the terminal stage. No other report has 
come to my attention in which such a large variety of rhythms has been 
present in the same individual. 

~The patient, Mrs. A. M., seventy-five years of age, presented herself for 
admission to St. Luke’s Hospital on March 6, 1922. She gave the usual his- 
tory and findings of a rather advanced myocarditis. There was nothing un- 
usual brought out by the laboratory examination or the x-ray. 

The patient was in the hospital continuously from March 6, 1922, until 
her death on May 13, 1922. During this time the radial pulse was constantly 
irregular and varied in rate from 24 to 92, most of the time ranging be- 
tween 35 and 55. Electrocardiograms were made daily and upon the day of 
her death tracings were made continuously from a period about 3 hours 
prior to her exitus until the heart ceased to function. 

The cardiac mechanism varied so greatly from day to day that a complete 
discussion of the electrocardiograms cannot be undertaken here. Only those 
tracings are reproduced which demonstrate most clearly the shifting char- 
acter of the rhythm. 

March 7th. Fig. 1 shows complete auriculoventricular dissociation. The 
auricular impulses arise from a common source at the rate of 88 per minute. 
The ventricular rate is constantly irregular from minute to minute, but 
is in the neighborhood of 38. Irregular idioventricular rhythm is a very 
unusual phenomenon and caused great difficulty in the diagnosis before the 
tracings were examined. The ventricular impulses arise from a variety of 
sources. Each of the first four ventricular complexes shown in the tracing 
has its origin in a different point. It is probable that most of these arise 
in the vicinity of the A-V node but is apparent that occasionally an impulse 
is given off below the bifurcation of the bundle. This interpretation is pred- 
ieated upon the fact that most of the ventricular complexes are completed 
in 0.1 seeond or less. This is the usual upper time limit allowed for the 
propagation of the wave through the normal conduction system. There 
appear in the tracing, however, complexes that are definitely widened and 
are, therefore, suspected of having their origin in one or the other of the 
branches of the bundle. The second complex in the tracing appears to have 
had its origin below the bifurcation. 


*From the Medical Service, St. Luke’s Hospital, Chicago. 
Received for publication, June 7, 1923. 
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It might be assumed that the variation in these complexes comes about 
through varying degrees of bundle branch block. This conclusion does not 
appear justified because of the great difference in the appearance of the 
complexes, and because of the widely different time relations between them. 

March 8th. In Fig. 2 (3-2 block) all the ventricular complexes save 
one are the result of auricular activity. Every third auricular complex, 


Interpolated ventricular beat. 


Fig. 1.—Complete auriculoventricular dissociation. 
Fig. 2.—3-2 block. 
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however, fails to provoke a ventricular response. The auricular rate is 
88 and the ventricular 58. The auriculoventricular conduction time is in- 
creased to 0.26 second. Between the third pair of ventricular responses 
is an interpolated ventricular impulse. It will be noted that this impulse 
does not disturb the fundamental rhythm of the heart, thus differing from 
the usual premature ventricular contraction. During the two following days 
the rhythm shifted between complete dissociation and 3 to 2 block as shown 
in the two tracings just discussed. 

March 11th. Fig. 3 shows auricular flutter. The auricular impulses are 
recorded at the rate of 273 per minute. While the auricular complexes 
in this tracing are very similar it will be noted that they are not identical. 
The main peaks are not exactly identical in appearance, and there is a 
lesser wave or shoulder that bears an inconstant relation to the principal 
oscillation. 

It will be noted that every fifth auricular impulse is followed by a 
ventricular response. A careful examination of the tracing, however, re- 
veals a dissimilarity in the form of the ventricular complexes, at least three 
different forms being found in the tracing exhibited here. It is assumed, 
therefore, that the rhythm is idioventricular and the block a complete one 
rather than 5 to 1. 

March 15th. Fig. 4 shows a transition from 3 to 2 block to complete 
dissociation with a period of 2 to 1 block lying between. During the period 
represented by the first six auricular impulses the rhythm is that of 3 to 2 
block. There are three auricular impulses to each two ventricular responses. 
From the seventh to the tenth auricular impulses is a period of 2 to 1 block. 
There is one ventricular response to each two auricular impulses. Follow. 
ing the tenth auricular impulse is a period of complete dissociation which is 
marked by two ventricular escapes. The last ventricular complex shown 
on the tracing is again the result of auricular activity. 

Throughout the tracing the auricular impulses arise at the rate of 86 per 
minute. The ventricular rate varies with the degree of block.. The longest 
interventricular standstill, which measures 1.96 seconds, occurs at the onset 
of complete dissociation. 

It is well known that the transition from partial block to complete dis- 
sociation is often accompanied by syncope. In such cases the onset of the 
idioventricular rhythm is delayed, and the ventricular standstill during the 
transition period is a long one. It is probable that the syncopal attacks 
mentioned in the history of this patient were brought about in this manner. In 
the tracing showing the onset of complete dissociation the ventricle escapes 
too quickly to allow syneope to supervene. This early ventricular escape 
accounts for the absence of fainting while the patient was under observation. 

March 17th. In Fig. 5 is shown partial block, premature auricular con- 
tractions, ventricular escapes. It will be noted that through the series of 
tracings already shown the auricular complex has shown the same character 
and form, and the auricular rate has remained very nearly constant. In 
this tracing the pacemaker begins to exhibit instability. The dominant 
rhythm appears to be 3 to 2 block. In Fig. 5A the 8th auricular impulse 
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is discharged prematurely. The premature beat provokes a ventricular re- 
sponse which is delayed 0.4 of a second. The dominant auricular rhythm is 
again restored until another premature auricular impulse occurs, the 7th in 
Fig. 5B. This premature beat does not provoke a ventricular response, but 
in 0.75 second the ventricle escapes. The original rhythm is again restored. 

March 19th. Fig. 6 shows auricular fibrillation. The auricles are in a 
state of fibrillation and there is a rather high degree of block in the bundle. 
The ventricular rate is about 45 per minute. The shortest interventricular 
period is 0.68 second and the longest 1.72 seconds. An occasional beat escapes 
from the ventricle during a long standstill. 

From this point until the day patient’s life terminated the auricle con- 
tinued to fibrillate. The fimetional capacity of the conducting tissue varied 
from day to day. At times the ventricular rate was very slow. Upon such 


Fig. 5B.—3-2 block—ectopic auricular beat—ventricular escape. 


occasions some of the ventricular complexes were of supraventricular origin, 
which others escaped from different points in the ventricle itself. On two 
oceasions, April 18th, and May 9th, complete dissociation was present. 

On May 11th, the patient had several periods of partial unconsciousness, 
and tracings at this time showed the mechanism to be auricular fibrillation 
with a very slow ventricular rate. All the ventricular complexes were of 
supraventricular origin and one period of quiescence lasted 8 seconds. 

A discussion of the tracings which were obtained on the last day of 
the patient’s life is rather highly speculative. The interpretation of the 
tracings is somewhat difficult, but a careful analysis brings out some points 
which are very interesting, when considered in the light of the present 
hypotheses as to the factors which operate to produce flutter and fibrillation 


of the auricle. 
On the morning of May 13th, it was evident that the patient was dying. 


e 
. 
Fig. 54.—3-2 block. Ectopic auricular beat. 
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An electrocardiographie record was begun at 9:50 a. m., and kept up almost 
continuously until 12:55 P.M., which was some minutes after the heart had 
ceased to beat. The only interruptions in this record were those incident to 
the operation of the machine. 

The record opened showing a condition of fibrillation of the auricles 
with complete dissociation. Fig. 7 shows the condition which prevailed at 
the beginning of the continuous record. Auricular oscillations may be made 
out, but there is no indication of a definite auricular complex. The ventricles 
are operating regularly at the rate of 69 per minute. The R-S interval is 
widened and measures .14 of a second. 

Thirty seconds following the beginning of the record the ventricle 
abruptly ceased to function. This ventricular standstill continued uninter- 
ruptedly for 57.28 seconds. It was then interrupted by five ventricular con- 
tractions which were irregularly spaced over a period of 43.84 seconds. Dur- 
ing the long ventricular standstill of 57.28 seconds and during the period 
of 48.84 seconds in which the ventricle contracted irregularly at long inter- 
vals, there were continuous, fine irregular oscillations of the string. These 
oscillations had the waxing and waning characteristics of auricular fibril- 


lation. 


Fig. 6.—Auricular fibrillation. 


Fig. 8 represents the onset of the ventricular activity after the two 
interruptions just described. The total time interval from the beginning 
of the record to this portion of the tracing was about 3% minutes. It 
will be noted that the ventricle begins its activity at gradually decreasing 
intervals until the maximum rate is attained. It will also be noted that in 
the first portion of the tracing fibrillary oscillations of the auricle can easily 
be made out. 

As the tracing proceeds, however, a new complex arises which indicates 
the reinitiation of auricular contraction. This complex can be rather clearly 
made out following the 4th ventricular contraction. It is a complex of 
rather low amplitude with a double summit. It starts with a cycle length 
of .92 of a second which rapidly decreases to .80 of a second. This latter 
rate is then maintained with some variation throughout a considerable por- 
tion of the tracing. It will be noted that this new auricular complex moves 
toward, and ultimately through the ventricular complex. It is assumed 
from this fact that the ventricular activity is in no way dependent upon 
the auricle. Throughout the remainder of the record until there was no 
further activity in the cardiac muscle this auricular complex ean be made 
out. 
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Fig. 9 shows the auricular complex well established. In this figure the 
ventricle has speeded up so that identification of the auricular complexes is 
more difficult, but careful measurement of the tracing will serve to show 
their presence. The auricular pacemaker, however, is none too stable and 


Complete block. 


Fig. 10.—Auricular flutter. 


Fig. 9.—Ectopic auricular contractions. 


the auricular sequence is frequently interrupted by premature contractions. 
In Fig. 9, the 3rd, 6th, 9th, and 12th auricular complexes appear prematurely. 
It will be noted, however, that the complex following the premature follows 
at .80 of a second, the interval at which the dominant auricular rhythm 
operates. This auricular mechanism continued for a considerable period, 
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during which the auricular rate gradually accelerated and the premature 
contractions increased in number. During all this time there was complete 
dissociation of the auricles and ventricles, and the ventricles continued to 
operate at a rather constant rate. At 10:27, one and one half hours after 
the beginning of the record the ventricular rate dropped rather abruptly, 
and the auricular rate became very much more rapid. Fig 10 represents 
the condition at this time. The auricular rate in this tracing is 240 per 
minute. 

It will be noted, however, that the auricular impulses are still coming 
from the same source. The peculiar double summit complex can still be 
clearly identified. The mechanism remained essentially the same from this 
point until there was no further cardiac action. The ventricles varied in 
rate and at times stood still for long periods. Activity of the auricles out- 
lasted activity in the ventricle by well over two minutes. The terminal 


Figs. 11A and 11B.—The terminal three minutes of cardiac activity. 


/ 


auricular complexes resembled those of the earlier portion of the tracing 
except that they were broader and not so frequent. 

Fig. 11A represents the auricular activity, shortly following the time 
the ventricles had ceased to function. 

Fig. 11B was recorded about one and one half minutes later and repre- 
sents the cessation of all cardiac activity. 

An attempt to explain the peculiar behavior of the auricle during the 
terminal stages must be based upon hypothesis. It is possible, of course, 
that shifting of the auricular mechanism had been going on throughout the 
course of the patient’s residence in the hospital. This is improbable, how- 
ever, in view of the fact that tracings were taken each day. No auricular 
mechanism other than fibrillation had been seen since March 19th. 

Because of the fact that the underlying cause of flutter and fibrillation 
is not definitely established, and because of the obvious impossibility of pro- 
curing controls in this instance, an attempt was made to examine the be- 
havior of this heart in the light of those hypotheses which offer the most 
reasonable explanation. Adopting the simplest and least involved explana- 
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tion for the causation of flutter and fibrillation, let it be assumed that flutter 
is produced by the manufacture and discharge of impulses at a phenomenally 
rapid rate. These impulses may or may not be discharged from the normal 
pacemaker. Let it be further assumed that in fibrillation the normal pace- 
maker is submerged because of the irritability of the auricle, and that count- 
less foci in the muscle are sending out impulses in a haphazard manner. 

In the heart under discussion flutter had appeared some days before 
fibrillation supervened. From this early appearance of flutter it is evident 
that some portion of the heart muscle was able to control the mechanism 
while operating at a very rapid rate. From the appearance of the auricular 
complexes during this period of flutter it is apparent that the impulses were 
arising from the neighborhood of the sino-auricular node, if not, indeed, 
within it. Evidence of irritability of other portions of the auricle were 
shown by the appearance, from time to time, of ectopic auricular complexes. 
These complexes were quite numerous between the paroxysm of flutter and 
the onset of fibrillation. 

Then the auricle entered a condition of fibrillation and continued to 
fibrillate until the last day of the patient’s life. On this day, the depression 
attendant upon the terminal condition decreased the excitability of the auri- 
cular muscle and caused it to fall under the control of the pacemaker. 

It will be recalled that the auricular complex reappeared in the tracing 
immediately after a long period of ventricular quiescence and a shorter 
period in which the ventricle contracted but five times. The total duration 
of these periods was nearly two minutes. It is well known that while the 
pacemaker of the heart may be submerged by a new rhythm, it stands ready 
to resume its function whenever the new rhythm is abolished. 

The period of ventricular standstill, which has been described, depressed 
the cardiac muscle sufficiently to allow the pacemaker to assume control. 
At first, due to the preceding asphyxia, the excitability of the muscle was 
not great and the auricular rate was necessarily slow. As the heart re- 
covered from this asphyxia the rate increased until the auricular rate was 
once more quite rapid. The excitability of the muscle, however, did not again 
reach the point at which fibrillation would supervene. As the end ap- 
proached, the auricle began gradually to slow down until there was a termina- 
tion of all cardiac activity. 

It does not seem possible to offer a definite explanation for the phenom- 
ena that have been observed. At least, no explanation which is beyond 
criticism, may be offered. It has been pointed out that the underlying cause 
of these disorders is not well established, and it is not the intention of. this 
article to attempt to lend weight to one hypothesis or another. The events 
are reported as they occur, and are interpreted as reasonably as possible 
with the information which is at hand. 

I wish to convey my gratitude to Dr. N. C. Gilbert of the Medical Staff, 
St. Luke’s Hospital, for his aid and suggestions in the preparation of this 
article. and to Miss Mary G. Moses, technician in the electrocardiographic 
laboratory, through whose vigilance it was possible to keep a complete record 


of tracings. 


i 


THE COLORIMETRIC DETERMINATION OF THE HYDROGEN ION 
CONCENTRATION OF SMALL AMOUNTS OF FLUID* 


By J. Howarp Brown, Pu.D., Princeton. N. J. 


ROP methods for the colorimetric determination of the hydrogen ion 
concentration of small amounts of fluid have been described by Haas 
(1919) and Felton (1921). The method of Haas ‘‘consists in placing one or 
more drops of the solution, whose pH value is being tested, in a cavity of a 
porcelain spot plate and by placing in other cavities of the plate the same 
quantity of buffer solutions of known pH value, and then adding the same 
concentration of indicator in each cavity. * * * The color of the solution 
that is being tested is then compared with the colors developed in the buffer 
solutions of known pH value.’’ Haas did not claim a very high degree of 
accuracy for this method. The technic of Felton’s method is the same as 
that of Haas, except that Felton used a smooth white (opal glass) plate in- 
stead of the spot plate. He gave considerable attention to such details as 
the choice and concentration of indicators. ‘‘All types of bacteriological 
media, serum, spinal fluid, fruit juices, milk, tissue extracts, etc., were tested 
both by the test tube method and drop method and there was practically no 
difference discernible.’’ 

The method to be described is a further refinement of the above meth- 
ods, resulting in greater accuracy and convenience, and especially devised 
for the determination of the hydrogen ion concentration of bacterial cul- 
tures at frequent intervals during growth. The apparatus (Fig. 1) con- 
sists of (1) a number of little glass cells described below, (2) a series of stand- 
ard buffer solutions of known hydrogen ion concentrations in drop bottles, 
(3) solutions of indicators in 60 per cent alcohol in drop bottles, (4) a white 
opal glass plate, (5) distilled water, and (6) a large platinum loop (4 or 5 
mm. in diameter) or Pasteur pipettes. 

_ The glass cells are made by cementing round (15 mm.) cover slips to one 
edge of small glass rings with finely ground edges (diameter 15 mm., height 
3 mm.).t The most satisfactory cement that we have found for this purpose 
is ‘‘Rock Cement.’’{ After applying very little cement the cover slip should 
be clamped to the ring between two glass slides by means of a spring 
clothes pin or rubber bands, and then baked for several hours at about 90° C. 
in a hot air oven. Excess of cement should be scraped away. The cement 
should withstand soaking in cleansing mixture and washing in water. 


*From the Department of Animal Pathology of the Rockefeller Institute for Medical 
Research, Princeton, N. J. 

Received for publication, May 31, 1923. 
, +A. H. Thomas Co. Catalog No. 7052 are satisfactory rings for this purpose. Specify 
size. 

tMagnet Cement and Dressing Co., Primos, Pa. 
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The buffer solutions (phthalates, phosphates and borates) used by us 
have kept well and remained accurate for more than a month in the labora- 
tory at room temperature. They will remain in good condition longer if 
kept in the refrigerator when not in use. A couple of drops of alcoholic 
solution of thymol are added to each drop bottle to prevent the growth of 
molds. The buffer solutions contain no indicator. 

The indicators commonly used by us are methyl red (0.02 per cent), brom 
cresol purple (0.04 per cent), and phenol red (0.03 per cent), all in approx- 
imately 60 per cent alcohol. The indicator solutions may be prepared as fol- 
lows: In a small clean mortar grind up 20 mg. of methyl red with one 
molecular equivalent* (1.48 ¢.c.) of N/20 NaOH, adding the alkali drop at a 
time, then add 60 e.c. of 95 per cent aleohol and make up volume to 95 e.c. 
with distilled water. In like manner grind up 40 mg. of brom cresol purple, 
with not more than one molecular equivalent{ (1.48 ¢.c.) of N/20 NaOH, 
then add 60 c.c. of alcohol and make up to 95 cc.. with water. The phenol 
red solution may be made up in like manner, using 30 mg. of phenol red 
and 1.71 ¢.c. of N/20 NaOH. Since alcohol commonly contains a small amount 
of acid the indicator solutions will be found to show their acid colors. Since 
it is desirable to have the reaction of the indicator solution within the range 
of hydrogen ion concentration at which it is to be used we add N/20 NaOH 
drop by drop to the above solutions until they begin to show a color change. 
Not more than a few drops should be required. 

The opal glass platet used by us is one foot square. Across the upper 
edge are pasted, painted, or marked with wax pencil a series of pH values 
at intervals of 0.2 pH corresponding to the numbers on the drop bottles of 
buffer solutions. 

The technic of determining the hydrogen ion concentration is as follows. 
By means of a pipette one of the glass cells is filled with distilled water. 
To it add one or more large loops or drops of the culture fluid, serum, milk, 
or other fluid to be tested. If the hydrogen ion concentration is expected 
to lie between pH 6.0 and 8.4 add one drop of phenol red solution. The dif- 
fusion currents caused by the addition of the alcoholic solution of indicator 
will cause the contents of the cell to be thoroughly mixed, but if necessary 
the platinum loop may be used as a stirring rod. If a red, pink, or orange 
color results the hydrogen ion concentration lies in the range of phenol red 
(unless it is more alkaline, in which case another indicator must be used in 
a fresh sample). Select the buffer solution which is thought to lie nearest 


~ to the hydrogen ion concentration of the sample. Place a cell beneath the 


corresponding pH number on the plate, fill it with the buffer solution, and 
add a drop of the indicator solution. Match the color of the test sample 
against the color of the buffer solution. If it does not match exactly with 


*The molecular equivalents in terms of c.c. of N/20 NaOH per decigram of various indica- 
tors are given by Clark (1920). 

#The addition of more than an equivalent amount of alkali, as recommended by Gillespie 
(1920), to the sample of brom cresol purple with which we worked so altered the indicator 
as to cause it to give weak colors. The defect was not remedied by the subsequent addition of 
acid to neutralize the excess of alkali. 

tFor sale by A. H. Thomas Co., Philadelphia, Pa. 
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the buffer try other buffer solutions to either side of the one selected. If, 
after the drop of phenol red has been added to the test sample, the resultant 
color is yellow, indicating that the reaction is more acid than pH 7.0, add to 
the same sample a drop of the brom cresol purple solution. Match it against 
a buffer solution containing 1 drop of phenol red and 1 drop of brom ecresol 
purple. If the test sample is found to be still more acid than pH 6.0, discard 
the sample and prepare another sample in a clean cell and like the first one, 
except that 1 drop of methyl red solution is used instead of the other in- 
dicators. Match the color against buffer solutions containing methyl red. 
It often happens that the color of the test sample lies between the colors 
of two adjacent buffer solutions, in which case the mean value is taken as 
the hydrogen ion concentration of the sample. Differences of 0.1 pH are 


Fig. 1.—Apparatus assembled for the determination of the hydrogen ion concentration of 
small amounts of fluid. 


easily detected. If a number of determinations are to be made it is found 
more convenient to make up the whole series of standards with buffer solutions 
and indicators as shown on the plate in Fig. 1, and to match the various 
samples against the standards. The set of standards in the cells may be 
used for a whole day’s work. If evaporation occurs a drop of distilled 
water may be added to the cells from time to time. 

The advantages of the method and certain refinements of the technic may 
be considered together. The mixture of phenol red and brom cresol purple 
within the range of the latter (but not of the former) is found to produce a 
better scale of color differences than does brom cresol purple alone. It is 
also convenient to be able to use one sample of the fluid being tested within 
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the broad range of both of these indicators. On the other hand the mixture 
of methyl red and brom ecresol purple is found not to give good color differ- 
ences within the range of either of the indicators. 

With milk or bouillon, even that which may be quite highly colored 
and turbid, no screen need be used over the standard buffers to compensate 
for the color or turbidity of the culture fluid being tested. The need of 
a screen is obviated by the dilution of the sample, its exposure to view in 
a thin layer of about 2 to 3 mm., and the peculiar conditions of illumination 
which may be described as illumination by semitransmitted and semireflected 
light. These conditions are secured by the form of the little glass cells 
with their vertical transparent sides and thin transparent bottoms. The 
use of the cover slip for the bottom was found to give much better illumina- 
tion than did a thicker piece of glass. Cells made of ground glass rings of 
the dimensions given above were the smallest found on the market and serve 
our purposes. They hold not more than ten drops of fluid. Smaller cells 
might be made for work demanding the use of still smaller quantities of 


TABLE I 


Tue INFLUENCE OF DILUTION, THE BUFFER CONTENT AND THE COLOR FACTOR ON THB COLORI- 
METRIC DETERMINATION OF THE HYDROGEN ION CONCENTRATION 


MEDIUM EXTRACT BOUILLON PEPTONE ~- WATER VEAL BOUILLON 
Buffer Index (BI pH 8-5)| 1.85 1.85 2.0 2.0 43 43 
Test tube and com- 
parator block method 5.2 7.6 5.4 7.6 5.4 7.6 
= bouillon| water 
pH|®'8 |i0 drops|_none 5.4 7.5 5.5 7.5 55 
|5 drops} 5.3 7.6 5.4 7.6 5.4 7.5 
5.2 7.6 5.4 7.6 5.4 7.6 
S loop 5.3 7.5 5.5 7.6 5.4 7.6 


fluid. The data in Table I serve to illustrate the results obtained with different 
dilutions of culture media, in comparison with those obtained by the com- 
monly used colorimetric method employing several c.c. of fluid in test tubes, 
with color screen, in the comparator block. To reduce the color and turbidity 
factors as well as to be able to make the determination with a very small 
amount of material, it is obviously desirable to dilute the medium as much 
as possible without interfering with the accuracy of the determination. Dilu- 
tion has relatively little effect on the hydrogen ion concentration of a well 
buffered fluid. Any effect that dilution with neutral distilled water might 
have, would be to make the hydrogen ion concentration of the dilution ap- 
proach that of the diluent. With increasing dilution, therefore, the pH of 
an acid bouillon should increase while that of an alkaline bouillon should 
decrease. The results in Table I, however, are at variance with this conclu- 
sion; increasing dilutions of the acid bouillons show a decreasing pH while 
inereasing dilutions of the alkaline bouillons show an increasing pH reading. 
This apparent contradiction is due to the influence of the color factor of the 
bouillon, its yellow color in higher concentrations ‘‘neutralizing’’ or dimin- 
ishing the pink or red shades of methyl red or phenol red. The results ob- 
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tained by adding one drop of bouillon to nine drops of distilled water were 
the same as those obtained in the comparator block. The results obtained 
with one loop (capacity 20 mg. of water) of bouillon in the cell of about 
ten drops of water were the same for the bouillon with buffer index (Brown, 
1921) of 4.3 and showed differences of not more than 0.1 pH for the less 
highly buffered media. Since 1 per cent of peptone is the basis of most 
standard media, these media may be expected to have buffer indices not 
lower than those employed in these experiments. A sample of undiluted 
and sterilized skim milk was found to have a buffer index of 6.8, and un- 
diluted horse serum a buffer index of 6.25. The buffer index of a medium is 
often increased by bacterial growth; never decreased, in our experience. 
In the method described, therefore, the use of one drop or one large loop 
of culture fluid is quite sufficient for an accurate determination of the hydro- 
gen ion concentration. With very poorly buffered fluids, however, dilution 
introduces considerable error. This difficulty has been encountered in mak- 
ing determinations of the hydrogen ion concentration of aqueous extracts 
of soil. The method is useful for such fluids if they are not too turbid, 
or too highly colored to be used undiluted, or only slightly diluted. 

In several respects the little movable glass cells are superior to the _use 
of drops on a smooth plate or into the cavities of a spot plate. They provide 
better illumination. If care is taken to fill them with fluid just to the/brim 
the meniscus will be neither concave nor convex but level, so that )when 
viewed from above the color will be uniform throughout. The cell contain- 
ing the test sample may be moved along the scale of color standards until 
its proper position is found. When a determination has been made the cell 
containing medium or a living bacterial culture may be grasped with a pair 
of forceps and thrown into a dish of cleaning mixture. The set of cells con- 
taining the standard buffer solutions is left undisturbed for a series of deter- 
minations. Occasionally a drop or two of distilled water may be added to 
them to replace water lost by evaporation. The cells must be thoroughly 
cleaned. Brief soaking in cleaning mixture, followed by rinsing in several 
changes of hot water and distilled water, and finally blotting them between 
layers of filter paper accomplishes this very well. If the indicator collects 
on the cement at the junction of the glass ring and cover slip within the 
cell, it may be sponged out with a little cotton and alcohol. 


SUMMARY 


A simple colorimetric method is described which has been found useful 
for determining the hydrogen ion concentration of milk or serum; for fol- 
lowing at frequent intervals the changes of reaction which occur in growing 
cultures of bacteria; for rapidly determining the hydrogen ion concentration 
of a tube of medium which is about to be inoculated, without danger of con- 
tamination and without sacrificing more than a drop of the medium; and for 
determining the hydrogen ion concentration of fluids available in very small 
amounts, such as the blood of insects. The method yields results which may 
be regarded as accurate to within 0.1 pH. 
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GERMICIDAL ASSAYS WITH PARTICULAR REFERENCE TO 
COLLOIDAL SILVER COMPOUNDS* 


By Hersert C. Hamiuron, Detroit, 


T has been frequently asserted that the true value of a germicide cannot 

be obtained with any degree of accuracy by a laboratory test. However 
much one may attempt to duplicate natural or pathologic conditions, un- 
questionably there are factors which tend to vitiate the results so far as 
they may apply generally. Not only is it difficult to select an appropriate 
technic for any particular disinfectant, but it is equally difficult to express 
the values in a way that is not open to misconstruction. On the other hand, 
it is possible to introduce into the test certain conditions which approximate 
those to be expected in the use of a particular disinfectant when one knows 
the conditions under which it will be used. 

It has been attempted to express as phenol coefficients the values found 
in germicidal assays; but on account of the variability of results with prac- 
tically every change in the conditions of the test, the term ‘‘phenol co- 
efficient’? should never be used unexplained. When properly interpreted, 
however, it is an exceptionally appropriate expression since it denotes the 
strength of the disinfectant compared to pure phenol. It is a factor or mul- 
tiplier, and can be used to calculate the extent of dilution of the disinfectant 
to have the same efficiency as any specified dilution of carbolic acid. 

The U. 8. Hygienic Laboratory has compiled a method which makes use 
of many of the best features of all the known methods for testing disinfect- 
ants. Certain conditions are rigidly prescribed. They include the following 
points: 

Temperature. 

Organism. 

Time of subculturing. 

A standard wire and loop. 

Culture medium. 

No detail which would have any bearing on the results is omitted. When 


*From the Department of Medical Research, Parke, Davis & Co., Detroit, Mich. 
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a disinfectant is tested by this method the results are expressed as the 
Hygienic Laboratory Phenol Coefficient. It is theoretically possible to ob- 
tain the same value for a disinfectant, regardless of the time or place the 
test is repeated. Practically, however, considerable variation will be found 
when such duplication is attempted, and much greater discrepancies will 
be observed when the standard conditions are varied in any important par- 
ticular. 

The U. S. Public Health Department particularly limits the disinfectants 
to be tested by this method to those chemically related to phenol. The term 
Hygienic Laboratory Phenol Coefficient, while referring specifically to dis- 
infectants of this group, is limited only in the qualifying expression. A 
phenol coefficient may be obtained by the use of any desirable modification 
in tests of disinfectants, where certain specific uses are intended. It is im- 
portant, however, that the modifications be expressly stated. While it ap- 
pears illogical to compare phenol with a substance of an entirely different 
character, the coefficient so obtained is of considerable value when compar- 
ing phenol coefficients of similar substances. 

The testing of colloidal substances claimed to be germicides has, in gen- 
_ eral, proved to be disappointing, both from the point of view of verifying 
the claims, and from the still more important point of view of obtaining 
even fairly uniform results. 

When the action of a colloid is explained on the basis of an enzyme- 
like action, or on the basis of radiations, it begins to slip into the realms of 
fancy rather than fact, and in most cases where these claims are subjected 
to careful revision the true facts fall far short of the claims. 

The literature contains few records of actual germicidal tests such as 
are necessary for comparison of values. Such a record, however, is made by 
Marshall and Killoh? in tests of collosol hydrargyrum and collosol argentum 
in comparison with mercuric chloride and silver nitrate against a series of 
organisms. Failing to find appreciable germicidal value by carefully con- 
ducted tests, these investigators tested the colloids for antiseptic action. 
Their conclusion is worth quoting in full. ‘‘From these experiments it will 
be seen that both these preparations have considerable antiseptic power, and 
that the silver collosol is the more powerful of the two. Considering the 
absence of bactericidal action when tested under favorable conditions the 
antiseptic action of this preparation is interesting.’’ 

More recently some work has appeared? in which similar claims were 
made. Colloidal silver chloride is said to give off emanations through glass 
tubes sufficient to inhibit the growth of organisms in its immediate vicinity. 
No data on germicidal value are included except the statement that a 1 per 
cent solution is as effective as pure phenol. 

This is apparently based on the work of Hille, who prepared colloidal 
silver chloride and had it submitted to tests which were reported by Cobb.* 
Germicidal tests (data not included) showed a 1 per cent solution to have 
a coefficient of 1.3, that is, a value for colloidal silver chloride of 130—a 
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value several times as high as that to be obtained for silver nitrate by the 
Hygienic Laboratory method. 

No opportunity has yet presented itself to verify these results. 

Neosilvol is a colloidal silver chloride stabilized by use of a proteid. It 
is a colloidal preparation and as such is devoid of any corrosive or destruc- 
tive action on protoplasm, and can therefore be used without pain or injury, 
even on the most sensitive mucous membranes. It is fairly stable, even in 
the presence of alkaline or acid secretions, and excess of organic matter. It 
has the distinct advantage of being a rich creamy color instead of the brown 
or black-brown of the colloidal metallic silver compounds such as silvol and 
argyrol, and does not leave a stain. Its germicidal action, while slight in the 
ease of certain organisms, is to a certain extent specific for the gonococcus, 
as is shown by the present series of tests. 

It is a fact which is not generally recognized to the full extent of its 
significance, that disinfectants vary greatly in their efficiency toward dif- 
ferent organisms. In general the higher the coefficient the greater the diverg- 
ence in value toward different organisms. Neosilvol seems to possess this 
characteristic to a remarkable extent. No other disinfectant in the series 
tested has the same high degree of specificity towards any organism as it 
has for the gonococeus. For B. pyocyaneus and B. xerosis the coefficient is 
1, for the gonococecus it is 20. Even for the relatively resistant staphylo- 
coccus the coefficient is 2.8, that is, 2.8 times as effective as pure phenol. 

Another disinfectant with capacity for variability is silver nitrate. Its 
coefficient is 3000 toward streptococcus nonhemolytic, and 600 toward the 
Koch-Weeks bacillus. These tests were not carried out, however, in a way 
to show the sensitiveness of silver nitrate toward acids, salts, and organic 
matter which reduce its value so remarkably. Iodine is affected in much the 
same way. 

The difficulty in obtaining exact results with colloids may very possibly 
be closely related to the character of the minute subdivision of the particles. 
The protective action of the fluid protein may at times be more complete, or 
the character of the test organism may vary because of unrecognized differ- 
ence in the nutrient medium. These hypotheses are not susceptible of exact 
proof but certain facts seem to substantiate them: 

First.—The reaction of the medium in which the organisms grow seems 
to have a decided effect to promote uniformity in the results of a germi- 
cidal test. A medium with pH-6.0 to 6.2 will rarely give the abnormally 
high coefficient of one more alkaline as for example pH-8.0. 

Second.—A temperature of 38° C. instead of 20° C. for carrying out the 
tests seems to promote a similar uniformity in results, by which unusually 
high or low values are less frequent. 

It can readily be conceived that solutions of colloids made at different 
times may vary in some physical property closely related to germicidal 
action. The Brownian movement that is characteristic of a perfect col- 
loidal solution is very different from the sluggish movement of colloid par- 
ticles closely approaching a size too large to remain in suspension. A solu- 
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tion in the former condition is likely to show a higher germicidal value than 
one in the latter. This is, undoubtedly, the cause of one of the difficulties 
encountered in testing colloidal compounds. Besides this the protective ac- 
tion of the fluid protein may at times be more complete. 

Coincident with these difficulties peculiar to the colloids there are the 
usual difficulties of the ordinary germicidal test. So important are these, 
that factors, such as the size and shape of the subculturing loop and the 
number of transplants of the culture before using in a test, are minutely 
specified. 


PHENO! COEFFICIENTS 


pyocy- STREPTO- STAPHYL- DIPH- PNEUMO- B. TYPHO- B. COLI 
ANEUS coccus ococcus THERIA coccus sus COMMUNIS 
HNEMO- AUREUS 
LYTICUS 
Acriflavin 24 12 1 131 7 
Dibromin 111 213 100 80 47 
Neosilvol 1 6 2.8 1.25 2 4 6 
Potassium 
Permanganate 54 17 16 37 100 
Germicidal 
Soap 78 200 18 16 3 | 
Iodine Thi 55 173 84 100 
Silver Nitrate 96 165 43 46 1000 
Chloretone 1.23 0.88 22 0.9 
Phenol 1 1 1 1 1 
PHENOL COEFFICIENTS 
MUCOSUS B. STREPTOCOCCUS KOCH- GONOCOCCUS 
CAPSULATUS XEROSIS NONHEMOLYTIC WEEKS 0.5 C.C. DISINFECTANT 
BACILLUS 0.2 0.c. CULTURE 
Acriflavin 6. 120 10 370 1300. 
Dibromin 170 34 60 110 200 
Neosilvol 3.4 1 14 0 20 
Potassium 
Permanganate 85. 11 50. 200 + 
Germicidal 
Soap 144 86 200 100 20 
Todine 515 133 133 100 8 
Silver Nitrate 740 1400 3000 600 1200 
Chloretone 1.2 0.8 id 1.5 0.9 
Chloremine-T 270. 133. 148. 50. 40. 
Phenol 1 1 1 | 1 


Like silvol, and similar metallic silver colloids, neosilvol is observed 
under some conditions to have a germicidal value remarkably high, a value, 
however, that is subject to changes in the conditions of the test. Repeated 
tests, therefore, have been necessary to establish values which might be 
regarded as reliable, rather than the highest that could be recorded. For 
example, tests by the Hygienic Laboratory method have at times shown a 
value as high as 5 to 6; repeated tests however, seem to show the value to 
be approximately 1, or to be equal to pure phenol as a germicide. This 
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peculiarity seems, however, to be less marked in the case of neosilvol than is 
true of silvol and others of its class in which the metal, rather than a com- 
pound, is the active agent. 

The results tabulated are not to be regarded in any sense as leading to 
a Hygienic Laboratory Coefficient, for none of the substances tested is 
included in the list for which such a designation is permitted. The medium 
is, in most cases, specially adapted for the organisms concerned; the test 
organisms and the temperature differ from the official technic. The only 
respect in which it resembles the official method is in the time and manner 
of planting and subculturing. 

For the purpose of the test it is of primary importance that neosilvol 
be compared with disinfectants which are, or which may be, used under 
similar conditions; to determine its germicidal action on those organisms 
found in the urethra and the eye; and to approximate natural conditions, at 
least to the extent of duplicating body temperature. 

The sensitiveness of gonococcus to temperature lower than 37° C., the 
large number of organisms necessary to give evidence of growth in the sub- 
culture, the need for a special medium, and the slow growth at best, make 
the testing for germicidal value against gonococcus a slow and difficult task. 
By the use of ascitic bouillon medium, however, it is possible to carry out the 
test following a technic similar to the usual Hygienic Laboratory method. 
It is necessary to use a forty-eight hour culture, to avoid cooling much below 
body temperaure, to increase greatly the proportion of organism to disin- 
fectant, and to grow the subcultures in the incubator for at least four days 
before recording results. 

As noted before, different strains of the organism and slight variations 
in the technic will often greatly modify the results. These results, however, 
serve to indicate the relative values of the substances used as germicides on 
the organism involved, and to demonstrate the high value of neosilvol in its 
peculiar province. 

Neosilvol is readily soluble in water, is specific against certain organ- 
isms, causes no irritation, is free from staining properties. It, therefore. 
represents silver so modified as to eliminate the objectionable features, while 
retaining much of its germicidal value. 
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STUDIES ON THE PHARMACOLOGY OF SODIUM CITRATE* 
II. MOVEMENTS OF THE STOMACH AND INTESTINES 


By Gerorce R. Love, M.D., Cuicaco, Iu. 


HE earlier investigations of the effect of sodium citrate upon the gastro- 

intestinal tract were chiefly concerned with its cathartic action. In 
1903 McCallum’ put forth the hypothesis that saline catharties act by in- 
creasing the irritability of the motor nerve endings of the intestine, and that 
the action was brought about only after absorption of the salts. The hypoth- 
esis was suggested by some investigations by Loeb? which showed that 
certain calcium precipitating substances increased the irritability of the end- 
ings of the voluntary motor nerves. McCallum’s experiments were not con- 
vineing. Auer*® observed that although intravenous injections of sodium 
citrate generally stimulated the pendulum movements of the intestines of 
rabbits the action was not powerful enough to cause purgation. Further- 
more, the contractions were not continuous, periods of activity alternated 
with periods of absolute rest. His observations were in many respects con- 
trary to McCallum’s views. Bancroft‘ later upheld McCallum’s observa- 
tions. Auer’s® reply to Bancroft with further experiments apparently proved 
that the saline cathartics do not cause purgation when given intravenously. 
Recently, Salant, Kleitman, and Wright*® investigated the action of sodium 
citrate upon the intestines using the Trendelenburg method. They reported 
that citrate stimulated the intestines of dogs, rabbits, and cats; however, 
after atropine the effect was often reversed. The latter phenomenon was to 
be presented in a separate paper which, however, at this writing has not to 
our knowledge appeared in press.t These authors quote in one protocol upon 
a rabbit that ‘‘inereased contractions preceded by temporary relaxation of 
the intestines were observed.’’ Also Salant and Schwartze’ working with 
isolated rabbit intestine observed that the ileum was often depressed for a 
few minutes followed by gradual stimulation. These authors concluded that 
sodium citrate in small doses stimulated, and in large doses depressed, the 
small intestine. An active concentration also depressed the large intestine. 
In eats even low concentrations depressed all parts of the intestines. Salant 
and Sehwartze and later Salant, Kleitman, and Wright suggest that the 
depression of the isolated intestine by sodium citrate might be due to stimu- 
altion of the inhibitory mechanism. 


*From the Departments of Pharmacology of the University of Illinois, College of Medi- 
cine, and The General Medical College of Chicago. 
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+At the time of proof reading we were able to review this article. (Salant and 
Kleitman: Amer. Jour. Physiol., 1923, Ixv, 62.) It is interesting to note that some of 
the reversal effects of sodium citrate after atropine and pilocarpine which they report were 
observed as primary actions in the present investigation. However, our dosage was practically 
double that used by Salant and Kleitman. We can confirm their observations that after 
ome ge the injection of citrate often produces a greater and more persistent rise of 
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The purpose of this investigation was to determine the effect of citrate 
upon the movements of the stomach and intestines, and the site of action. 


METHODS 


The Jackson* and Trendelenburg® methods were used for recording the 
movements. Occasionally the rubber balloon method was used on the intes- 
tines. The pyloric antrum and upper intestine were the parts usually tested. 
However, a few experiments were made on lower levels of the small intestine. 


Fig. 1.—Respiration, stomach, blood pressure, intestines, base line, time in minutes. Dog 8 
kilos. At x 80 mg. per kilo in 10 per cent solution injected rapidly. 


All in situ experiments were made upon dogs under light ether anesthesia. 
Blood pressure was recorded simultaneously by a mercury manometer. 
Several brands of sodium citrate, Merck’s ‘‘U. S. P.’’ and Baker’s ‘‘C. P.’’ 
were used. No difference was observed in the different salts. To avoid large 
volume of injecting fluid the concentration of the solution was ten per cent. 

Fifty-six dogs were experimented upon; the intestines of four animals 
were stimulated by citrate injection. Two of the latter occurred when fatal 
doses were given and this stimulation was probably due to asphyxial changes, 
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since it occurs after death from even smooth muscle depressing drugs such 
as benzyl benzoate. The stimulation occurring in the other two animals was 
probably due to citrate, although it was neither marked nor constant. In 
one of these animals the movements of the stomach were also slightly stimu- 
lated. In one animal the intestines were not affected even by repeated large 
doses. However, in the remaining 51 dogs the stomach and intestines were 
unaffected by a dose of 30 mg. per kilo, and were depressed by doses of 100 
mg. per kilo. in 10 per cent solution. 


Fig. 2.—Respiration, stomach, blood pressure, intestines, base line, time in minutes. Dog 10 


kilos. At x 100 mg. per kilo injected rapidly. 


The rate of injection plays a most important réle. Several hundred 
milligrams per kilo injected slowly had very little effect upon the intestines, 
but usually produced some depression upon the stomach. However, doses 
of 100 mg. per kilo injected at the rate of 10 mg. per kilo per second 
produced a relaxation of the stomach and intestines. The citrate depression 
lasted only a few minutes; however, after repeated doses the movements of 
the stomach often became irregular or ceased. The action occurred after 
pilocarpine or physostigmine (1 mg. doses). After 2 mg. atropine the in- 
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testines were further relaxed. Also after atropine-barium treatment citrate 
still relaxed the stomach and intestines. This procedure consisted in giving 
2 to 4 mg. of atropine, stimulating the vagi to be sure of vagal paralysis, 
and injecting barium chloride in 5 mg. doses until the stomach and intestinal 
movements were normal or exaggerated. After the atropine-barium treat- 
ment the citrate relaxation was of shorter duration and sometimes less com- 
plete. However, as a rule, the relaxation was temporarily as complete after 
atropine-barium as on normal tissues. 


Fig. 3.—Pilocarpine 1 mg. injected previously. At x 100 mg. per kilo of sodium citrate. 
Time in minutes. : . 


These experiments indicate that the depression of the stomach and in- 
testine may be due to either direct depression of the muscle or stimulation 
through the sympathetics. It may be noted here that there is a prevalent 
idea among some laboratory workers that adrenalin will not relax the in- 
testines completely when stimulated by barium. This is quite true for excised 
tissues where the dose of barium is unlimited. On dogs tm vivo however, we 
have been unable to give barium intravenously in sufficient doses to cause 
a stimulation of the stomach and intestines which could not be overcome 
by adrenalin. It is true that very frequently larger doses of adrenalin are 
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necessary to relax a barium stimulation, but this holds true as well for drugs 
depressing the muscle substance directly. 
While our results show that sodium citrate may sometimes stimulate the 
stomach and intestines of dogs the predominating feature from large doses 
is depression. These results are quite contradictory in some respects to those | 
reported by Salant, Kleitman, and Wright.® Since the recording of the move- 
ments of the stomach and intestine is a very common classroom procedure 
in this laboratory, it has been the custom to weight the recording levers 
firmly. While this technic reduces amplitude it surely gives a more even 


Fig. 4.—Excised guinea pig nonpregnant uterine horns. At C 100 mg. of sodium citrate. 


Fig. 5.—Excised intestinal ring of rabbit. At C 100 mg. of sodium citrate. 


record of tonus. Likewise, stretching the tissues favors depression and it 
is quite possible that a feeble stimulation might not be recorded. However, | 
if the tissues are not weighted firmly with these methods the tonus of the 
intestines, as a rule, varies so mueh as to make even qualitative actions very 
difficult to determine. 

Since the appearance in press of the investigation by Salant, Kleitman, 
and Wright we have performed six additional experiments on the stomach 
and intestines. In these experiments the lifting weights were reduced to five 
grams and the magnification was increased. In four of these animals the 
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stomach and intestines were stimulated by doses of 50 mg. per kilo. In these 
same animals relaxation of the intestines was produced later by weighing 
the levers to a constant tone and injecting 100 mg. per kilo of sodium citrate. 
Since the stimulating activities of citrate had been investigated by Salant, 
Kleitman and Wright® no further experiments were performed for this pur- 
pose. Our observations are, however, in harmony with those of Auer* who 
observed that although intravenous injections of citrate stimulated the move- 


Fig. 6.—Excised intestines, longitudinal strip. At C 100 mg. of sodium citrate. 


Fig. 7.—Excised uterine ring of rabbit. At C 100 mg. of sodium citrate. 


ments of the upper intestine the action was not powerful enough to cause 
purgation. 

Figs. 1, 2, and 3, are tracings of the movements of the stomach and in- 
testines in situ. Fig. 2 is reproduced here because there is some evidence 
of stimulation of the intestines after the relaxation. 


LOCALIZATION OF ACTION 


When citrate was applied locally to the parts, in situ with normal cir- 
culation, depression was produced. Quite an extensive series of experiments 


— 


PHARMACOLOGY OF SODIUM CITRATE 255 


were also made upon excised tissues. The technic was: 30 ¢.c. container, 
Locke’s solution 37° C., constant stream of oxygen sodium citrate (10 per 
cent) added to the medium in 25, 50, and 100 mg. doses. The smaller dose 
produced no distinctive action, but the 50 and 100 mg. doses produced actions 
similar to adrenalin. The small intestines of rabbits, guinea pigs, and 
eats, and the uterus of guinea pigs were depressed. The depression was, 
however, temporary and if no more drug was added the tissues soon re- 
eovered. The 100 mg. dose would not relax a barium spasm any further 
than adrenalin. The small intestines of chicken, the uterus of rabbits, the 


Fig. 8.—Excised ileocolic valve of cat. At Z 0.01 mg.-adrenalin. At C 100 mg. of sodium 
citrate. 


Chie rem 


Fig. 9.—Excised intestinal ring of chicken. A, adrenalin, C, sodium citrate. 


ileocolic valve of cats, and occasionally the cap of the duodenum of rabbits 
were stimulated by the same doses of sodium citrate. 

Large doses of 200 to 400 mg. or more depressed all the tissues examined. 
This was a combination of salt and toxie action upon the muscle, since it 
relaxed barium stimulation beyond that of adrenalin and often destroyed the 
preparation. 

These results indicate that sodium citrate stimulates the sympathetic 
nerve endings or the neuromuscular mechanism, since the action is peripheral 
and corresponds to stimulation of the sympathetic nerves. 
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SUMMARY 


1. Small doses intravenously of sodium citrate cause a feeble stimulation 


of the stomach and intestines of dogs. 

2. Large doses (100 mg. per kilo. in 10 per cent solution) injected rapidly 
cause a temporary depression of the stomach and intestines. 

3. The large doses stimulate the sympathetic nerves, the action corre- 


sponding to that of epinephrine. 
The author wishes to acknowledge his indebtedness to Dr. Hugh Me- 


Guigan for eriticism of this work. 
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ORGANIC, PROTEIN AND COLLOIDAL SILVER COMPOUNDS: 


If. THEIR ANTISEPTIC EFFICIENCY IN BODY FLUIDS RICH IN CELLS 
AND PROTEIN (DEFIBRINATED BLOOD)* 


By J. D. PILCHER AND ToRALD SOLLMANN, CLEVELAND, OHIO 


INTRODUCTION 


N the first paper of this series (Journal of Laboratory and Clinical Medi- 

eine, Vol. viii, No. 5, February, 1923; erratum, ibid., p. 562), it was shown 
that the fermentative activity of yeast cells furnishes a convenient and sufficient- 
ly accurate measure of the concentration of the silver ions in solutions of 
the so-called ‘‘colloid’’ and ‘‘protein silver compounds,’’ as well as in the 
pure silver salts. Evidently, therefore, the content of silver ions is not only 
responsible for the irritant action, which has been universally ascribed 
to them; but it is also responsible for all or nearly all of the ‘‘antiseptic 
action’’ on yeast. Insofar as the antibacterial efficiency of silver compounds 
is due to silver ions, this would also be faithfully reflected by the yeast 
method; it would be quite immaterial in principle whether the silver-ion con- 
centration is measured by means of bacteria, or of yeast, or by a chemical 
or physical method. This, of course, does not mean that the minimum anti- 
septic concentration is the same for bacteria as for yeast, for the absolute 
susceptibility varies with each organism; it means, however, that if silver 
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compound X has a hundred times the efficiency of silver compound Y, on 
yeast, it will also have approximately a hundred times the efficiency on any bac- 
terium. As compared with bacterial culture methods, the yeast method has 
the advantage of giving more reliable results with less trouble, and with 
much less ‘‘ personal equation.”’ 

The yeast method might not be applicable for making deductions if the 
antibacterial action were due to constituents other than silver ions, to which, 
it might be argued, bacteria are much more susceptible than the yeast. 
Sinee the methods of estimating antibacterial efficiency on bacteria directly 
does not appear to give concordant results, there is at present no good 
evidence that may be used either for or against this rather vague assumption 
or ex parte argument. 

The determination of silver ions and of antiseptic efficiency by the yeast 
method led to results that seem of some practical importance: 

(a) In the first place, it furnished a definite basis for the classification 
of the antiseptic silver compounds, into groups which coincide very closely 
with the groups established by clinical experience. This is shown in Table I. 


TABLE I 


CLASSIFICATION AND EFFICIENCY OF SILVER COMPOUNDS 


7 GROUP IMPORTANT MEMBERS INHIBITORY INHIBITING 
DOSE** CONC/N 
I. Inorganic Salts Silver Nitrate 0.25 1:40,000 
II. Protargin Fortissi- | Albargin 0.85- 1.2 1:13,300 to 
mum 1:8.333 
III. Protargin Fortius Protargol, Protargentum 2 - 8 1:5,000 to 
(mean 2.2) 1:3,300 
IV. Collargol Collargol 10 - 1:1,000 to 
1:900 
V. Protargin Mite Vargol, Solargentum,| 11 -150 1:900 to 
Argyn, Cargintos, Argy- (mean 38) 1:67 
rol, silvol 
VI. Colloidal Silver io- | Neosilvol* >1,000 >1:10 
dide 


*Neosilvol (Colloidal silver iodide) has been added since our first paper. 


**Inhibitory Dose: Minimum quantity of the substance (in mg.) that will prevent 
one Sonam in 10 c.c. of the aqueous sugar-yeast mixture for one hour under standard 
conditions, 


The method also furnished definite comparative data as to the relative 
antiseptic concentrations of these various classes when used under various 
conditions that may be readily modified to reflect the different methods and 
conditions of clinical uses. 

These results will be reviewed later. At present it wil! suffice to say 
that the addition of sodium chloride diminishes the antiseptic efficiency of 
the silver compounds, but to a different degree, varying broadly with the 
proportion of silver ions. This effect of the chloride is due, of course, to 
the formation of silver chloride, which is but sparingly soluble, and there- 
fore but little ionized. The presence of protein may cause it to go into col- 
loidal solution, but colloidal silver chloride is, of course, also non-ionic and, 
therefore, antiseptically inactive. The limited amount of antiseptic activity 
that is exerted in the presence of chloride is presumably due entirely to the 
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small amount of silver chloride in true solution and ionized. This quantity 
appears to be practically the same for all the silver compounds, so that they 
all have about the same degree of antiseptic action (inhibitory concentration 
of about 1:100) in the presence of an excess of normal saline. The degree 
of interference is influenced much more by the ratio of chloride to silver 
ions; presumably because the ionization of the dissolved silver chloride is 
depressed by excess of sodium chloride. 

Several problems were reserved for future investigation; especially the 
antiseptic efficiency in the presence of body fluids; the usefulness or other- 
wise of the inactive or ‘‘reserve’’ silver that forms a large part of some of 
the colloidal silver compounds; and the changes that occur in the solutions 
on keeping. 

The present paper reports on the first of these problems; i. e., on the com- 
parative antiseptic efficiency of silver compounds in the presence of cellular 
body fluids. 

Cellular fluids present a number of conditions that are not encountered 
in watery or saline suspensions, and which might seriously affect the anti- 
septie efficiency: The high buffer value would tend to preserve a uniform 
hydrogen-ion concentration. The high protein content would tend not only 
to combine with the silver directly, but might facilitate the solution of silver 
chloride on the one hand, and depress the concentration of silver ions on the 
other. The cells might ‘‘adsorb’’ the silver ions by surface action, and 
thus prevent their acting on the yeast or bacteria. It would be foolhardy 
to attempt to answer these questions a priori. They must be approached 
experimentally, by actual determination” of the antiseptic efficiency in a 
medium rich in proteins and cells. As such, we chose defibrinated blood, 
since it furnished all the elements that we have discussed, and is always 
obtainable sufficiently uniform for this purpose; which is not the case, for 


instance, with pus. 
METHOD 


The modified Dreser method, described in our former paper (loc. cit.) 
was used. It depends on the toxicity of silver ions for yeast, and deter- 
mines the minimal concentration of the silver compound that will prevent 
the formation of CO, gas in a suspension of active yeast in a cane-sugar 
solution. 

The following drugs were investigated, as representative of their respec- 
tive groups: 

Inorganie Silver Salts: Silver nitrate. 

Protargin Fortissimum: Albargin. 

Protargin Fortius: Protargol. 

Protargin Mite: Argyrol, Silvol. 

Colloidal Silver Iodide: Neosilvol. 

Suitable quantities of the drug to be tested are placed in ordinary test 
tubes (1.5 x 15 em.) with 10 ¢.c. of a mixture of 4 per cent yeast (Fleisch- 
mann’s compressed) and 10 per cent cane sugar in water, or defibrinated 
beef blood, or a normal saline (0.8 per cent NaCl). The mixture is shaken, 
a smaller tube (0.8 x 10 em.) is filled with the same and inverted into the 
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larger test tube. The tubes are then placed in a water-bath at 38° C. The 
quantity of gas collecting in the smaller tube serves as a measure of the 
activity of the silver preparation examined: The ‘‘inhibiting dose’’ repre- 
sents the quantity of the compounds in milligrams per 10 ¢.c. of mixture 
that is just sufficient to prevent gas formation within an hour, under the 
conditions of the experiment. This may also be stated as the ‘‘inhibiting 
conecentration,’’ 1 mg. per 10 ¢.c. representing a concentration of 1:10,000 


ete. 
RESULTS 


The inhibiting doses and inhibiting concentrations are shown in Table 
II. It appears that the antiseptic efficiency is reduced by blood, as well as 


TABLE II 
INHIBITING DOSES AND CONCENTRATIONS IN VARIOUS MEDIA 

In 10 INHIBITING CONCENTRATION IN 

PRODUCT DEFIBRI- DEFIBRI- 

WATER NATED WATER pre NATED 

BLOOD BLOOD 

Silver Nitrate 0.25 20* 10 40,000 500 1000 
Albargin 1.3 >400 45 7,500 25 225 
Protargol 2.4 25 90 4,000 400 110 
Argyrol 30 25 200 330 400 50 
Silvol 90 200 300 110 50 33 
Neosilvol >1000 >1000 >1000 >10 >10 >10 


*This represents the average result; but the data are not uniform; doubtless because 
the solubility of the chloride varies with the conditions under which the precipitate is 


formed. 

by normal saline, as was expected; but the degree of reduction in the two 
media is by no means parallel for the two classes of compounds. This is 
seen especially strikingly if the efficiency in these media is expressed as 
decimal fractions as shown in Table III. 


TABLE III 
COEFFICIENTS OF ANTISEPTIC EFFICIENCY 
PRODUCT NORMAL SALINE BLOOD BLOOD 
WATER WATER NORMAL SALINE 

Silver Nitrate 0.0125 0.025 2.0 
Albargin 0.0032 0.029 8.8 
Protargol 0.1 0.026 0.27 
Argyrol 1.2 0.15 0.125 
Silvol ’ 0.45 0.3 0.66 


Neosilvol is not included in these tables, since its efficiency was too low to be measured 
by the yeast method. 


saline 
It is seen from the coefficient: 
water 


efficiency of argyrol not at all; and that of silvol only to one-half; but that 
of the protargol, albargin and silver nitrate to 1/300 to 1/10, ie., the chloride 
interference varies with the ratio of ionized silver, and inversely to the non- 


blood on the other hand presents 


that normal saline reduces the 


The coefficient: 


ionized silver fraction. 


water 
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relatively little difference in the different classes of compounds; i.e., the 
blood interferes nearly as much with the efficiency of the colloidal as with 
that of the ionic compounds. 

Or, to put it in another way, blood does not hinder the ionized com- 
pounds quite as much as normal saline; but hinders the colloidal com- 
pounds considerably more than does normal saline. This is shown in the 
last column of Table III. 

This result was quite unexpected. In attempting an explanation, we 
may recur to our suggestion that protein acts in two directions: 

(1) by acting as a protective colloid, it secures a finer suspension of 
silver chloride, and therefore facilitates its solutions. 

(2) by eombining with silver, it diminishes its ionization. With the 
silver nitrate, the two actions are nearly balanced: but with the protein- 
silver compounds, the first action would not come into play, since the com- 
pounds themselves contain protective colloid. 

Table IV is intended to bring out the clinical significance of the data. 
It presents the concentrations of the silver compounds that are equal, in 
antiseptic efficiency to 1:1000 silver nitrate, in the various media. 


TABLE IV 
ANTISEPTICALLY EQUIVALENT CONCENTRATIONS OF SILVER COMPOUNDS 
PRODUCT PER 1000 PARTS PER 1000 PARTS PER 1000 PARTS 
OF WATER OF SALINE OF BLOOD 
Silver Nitrate 1.0 1.0 1.0 
Albargin 5.3 20.0 4.5 
Protargol 9.6 1,25 9.0 
Argyrol 120.0 1.25 20.0 
Silvol 360.0 10.0 30.0 


In this connection, it should be remembered that 

(a) The efficiency in water corresponds to the conditions of lavage, 
where fairly large quantities of solution would dilute or would wash away 
any secretions. 

(b) The efficiency in normal saline would correspond to lavage with 
saline solutions or suspensions. 

(ec) The efficiency in blood reflects conditions where the secretions are 
present or develop in excess of the silver solution. 


CONCLUSIONS 


1. The influence of blood on the antiseptic action of various types 
of silver compounds was studied; the blood being intended to represent 
the conditions of secretions or fluids rich in proteins and cells, such as 
pus or wound secretions. 

2. It was found that these interfere with all classes of silver com- 
pounds: For the inorganic silver salts, the interference of blood is somewhat 
less than that of normal saline; for the silver-protein compounds, the interfer- 
ence of blood is considerably more than that of normal saline. 


| 
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ESTIMATION OF THE AMOUNT OF PANCREATIC ENZYMES IN 
DUODENAL FLUID BY A MODIFIED GAULTIER’S METHOD* 


APPLICATION OF THE METHOD AND THE RESULTS OBTAINED 
By Grorce F. Spencer,t M.D., City, N. J. 


N a previous paper the author gave in detail a method for the determi- 

nation of the amount of pancreatic enzymes in duodenal fluid, as devised 
by Drs. Lueders* and Bergeim.?, We now wish to show the application of 
this method in practical medicine and to give what we believe to be a normal 
standard, as seen by the results obtained. 

The patient or person from whom the duodenal fluid is to be obtained 
is instructed to present himself at your office or laboratory in the morning 
without having had breakfast. The duodenal tube is passed into the stomach, 
that is up to the 50 em. mark and the residue withdrawn. Immediately fol- 
lowing removal, the tube containing the sample is to be placed in ice water 
to check any further enzyme action, for, as will be shown later, enzyme action 
continues at a rapid pace if it is not so checked. The patient is then instructed 
to lie upon his right side and swallow the tube down to the 75 em. mark. 
This procedure, that is, the passage of the tube from the 50 to the 75 cm. 
mark should consume no less than twenty minutes. If one attempts to force 
the tube down it will invariably coil up in the stomach and thus defeat 
our purpose. 

Many methods for determining whether or not the tube is in the duo- 
denum have been suggested, but aside from the x-ray or the fluoroscope the 
author relies almost entirely upon the color and character of the fluid re- 
turned. In some few cases this method is not entirely dependable, for at 
times there is sufficient regurgitation of duodenal contents into the stomach 
to obliterate the sharp line of demarcation between the gastric and the 
duodenal residue. In these cases, as a rule, a small sample is withdrawn 
and its chemical reaction tested, a procedure which will often determine 
for us the difference between the gastric and duodenal fluid. 

Having determined that our tube is in its proper place in the duodenum, 
a sample of the fasting duodenal contents is withdrawn. Here again many 
methods for the withdrawal of the sample have been suggested but the 
author believes that a more normal sample can be obtained by allowing the 
sample to syphon out rather than withdrawing it by means of a syringe or 
vacuum bottles. As soon as the sample, consisting of from 10 to 15 e.c. has 
been withdrawn, it, as in case of the gastric residue, should be placed in 
ice water to stop enzyme action. The sample having been taken, we are now 
ready for the meal. In this series of experiments it was thought advisable 


*Received for publication April 4, 1923. 
+Carrina-Bordon Keen Research Fellow of the Jefferson Medical College. 
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Chart II. 


to use the three different kinds of food, that is, fat, protein and carbohydrate 
in as near pure form as possible. In all three instances the same amount 
of food, 20 gm., was given and under the same or as near the same con- 
ditions as possible. For the fat meal, as will be seen, 20 gm. of creamery 
butter was taken, for the carbohydrate meal we used 20 gm. of granulated 
cane sugar dissolved in about 50 c.c. of water and for the protein meal 
sometimes pure egg white and at other times a proprietary article called 
**Aprotein’’ was used. The meal having been finished the time is taken and 
every fifteen minutes for the next two hours a sample is taken, placed in 
ice water to stop the enzyme action. 
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The following chart will indicate the rapidity with which the enzymes 
disappear from the fluid when kept at room temperature. 

It will greatly facilitate matters as well as lessen the interval between 
the taking of the samples and the actual determination if the technician 
will, while waiting for the samples to be taken, prepare the flasks for incuba- 
tion, that is, mark them ‘‘T,’’ ‘‘A’’ and ‘‘L,’’ and add to them their proper 
reagents, then when the samples are completed incubation can be started at 
once. It is quite necessary to have two burettes of exactly the same ecalibra- 
tion as well as two solutions which are exactly 1/10 N, one sodium hydroxide 
and one sulphuric acid for the titration. In case the burettes are not the 
same or in ease a burette of slightly different calibration be used our results 
will not check. In applying this method for the determination of the amount 
of pancreatic enzymes in duodenal fluid we at first took a series of one hun- 
dred normal and pathologie cases. In the normal cases our results were 
almost constant but in the pathologic cases a wide variation was noted. All 
of the determinations were run in duplicate and were found to check. We 
wish to present Chart II as a typical example of the enzyme action following 


a fat meal: 
TABLE I 
DROT. AC. TOTAL AC. CONT. DRCT. AC. CONT. TOTAL AC. 
LIPASE 
0.1. 0.1. G1. 0.1. 
0.1. 0.3. 0.1. 0.3. 
5.0. 1.6. 0.1. 0.3. 
6.6. 0.9. 0.1. 0.3. 
8.5. 1.4. 0.2. 
9.2. 0.5. 0.1. 0.2. 
8.7. 1.6. 0.1. 0.2. 
5.8. 1.6. 0.1. 0.3. 
2.5. 0.9. 0.1. 6.3. 
AMYLASE 
MALTOSE IN ONE GM. STARCH MALTOSE EXPRESSED IN GMS. 
Does not reduce 0.0. 
Does not reduce 0.0. 
Does not reduce 0.0. 
7.0. 0.212. 
3.9 0.383. 
3.8. 0.388. 
4.3, 0.342. 
4.0 0.373. 
17.0. 0.088. 
TRYPSIN 
DRCT. AC. TOTAL AC. CONT. DRCT. AC. CONT. TOTAL AC. 
1.6. a. 0.2. 3.4. 
1.9. 4.5. * 05. 3.4. 
3.5. 4.3. 0.6. 3.3. 
3.9. 4.2. 0.3. 2.8. 
5.0. 4.8. 0.4. 2.8. 
5.3. 5.8. 0.3. 3.38. 
$.1. 4.9, 1.0. 3.0. 
2.8. 2.9. 0.5. 2.7. 


0.8. 1.9. 0.1. 1.2. 
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In a recent article Friedenwald* states that he found the enzyme action 
to be at its maximum in the fasting state, that it fell immediately after the 
meal and then gradually rose. We have occasionally found this condition 
to exist, but as a rule we have found the enzyme action to be the lowest 
in the fasting state, to begin to rise soon after the meal and to reach its 
maximum from one hour and fifteen minutes to one hour and thirty minutes 
after the meal and then to gradually fall. This seems to be particularly true 
of the enzyme lipase, particularly after a fat meal, as can be seen in the 
preceding chart. For some reason unknown to the author there is, as a 
rule, a period of absence or near absence of enzyme action during the process 
of digestion. This phenomenon may occur any time from thirty minutes to 
one hour and thirty minutes after the meal. 


Chart III. 


It has been our experience, as can be seen by these charts, that there is 
a more or less selective action of the enzymes. This is generally conceded 
not to be the case, nevertheless we believe that given a fat meal the enzyme 
lipase will be poured out in greater abundance than either amylase or 
trypsin; if the patient be given a meal high in carbohydrates that the 
enzyme amylase will be stimulated to greater activity, and if the patient be 
given a diet consisting of proteins only, the enzyme trypsin will receive a 
special stimulus. It ean plainly be seen that in the case of only fat being 
given as a meal the curve for lipase is much higher than it is with either 
carbohydrate or protein, that the amylase curve in the carbohydrate diet is 
higher than in either the fat or the protein and that in the case of protein 
the trypsin curve is higher than when a pure fat or carbohydrate diet is given. 


We have also noted that when a mixed diet is given all three of the 
curves drop more or less in proportion. 
Chart III will indicate the drop in the enzyme action of one of the enzymes, 
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that of lipase which we have previously said frequently occurs during the 
process of pancreatic digestion; it should also be compared with Chart II 
with reference to the selective action of the enzymes. 
TABLE II 
DRCT. AC. TOTAL AC. CONT. DRCT. AC. CONT. TOTAL AC. 
LIPASE 
5.1. 1.2. 0.1. 0.3. 
6.1. 1.4. 0.1. 0.5. 
6.2. 1.5. 0.1. 0.5. 
1.6. 0.4. 0.1. 0.2. 
6.7. 1.9. 0.1. 0.3. 
4.5. 1.3. 0.1. 0.5. 
5.1. 1.5. 0.1. 0.3. 
1.3. 1.0, 0.1. 0.3. 
1.1, 1.0. 0.1. 0.2. 
AMYLASE 
MALTOSE IN ONE GM. STARCH MALTOSE EXPRESSED IN GMS. 
9.5. 0.140. 
7.5. 0.198. 
5.7. 0.260. 
4.2. 0.340. 
3.6. 0.420, 
3.1. 0.480. 
3.6. 0.420. 
5.7. 0.260. 
15.0. 0.100. 
TRYPSIN 
DRCT. AC. TOTAL AC, CONT. DRCT. AC. CONT. TOTAL AC. 
3.0. 4.6. 0.4. 2.5, 
4.1. 4.5. 0.5. 3.1. 
3.5. 3.9. 0.5. 3.2, 
2.8. 4.7. 0.5. 3.3. 
1.8. 4.5. 0.3. 3.5. 
2.3. 3.9. 0.3. 3.3, 
2.9. 3.9. 0.3. 3.2. 
2.1. 3.6. 0.3. 3.2, 
0.7. 2.8. 0.3. 2.6. : 
9 if 
+ 
Chart IV. 
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It will be noted that in all of our charts we have started all of the curves 
at zero. While this was the case in a large majority of our determinations 
it is not by any means absolute; for not infrequently we have gotten positive 
tests for trypsin in the gastric residuum. Lipase of the gastric juice and 
that of the duodenal secretions is not separable by this method, therefore, 
gastric lipase is here disregarded. Amylase we have never found in the 
gastric residuum. 

While we do not make the assertion that the charts here given are 
absolutely normal they are near enough to normal to be used as a guide in 
making enzymatic determinations, for, as we have said, all, or nearly all, 
of our normal cases have given a curve very similar to the ones here charted. 
In ease of a slight variation no note need be taken of it but in case of a 
marked variation we would be forced to put the patient in either an unusual 
or a pathologic class depending upon the history of the case and the other 


laboratory findings. 
Chart IV should be compared with Charts II and III with particular 


reference to the height of the trypsin curve. 


TaBLE IIT 
DROT. AC. TOTAL AC CONT. DRCT. AC. CONT. TOTAL AC. 
LIPASE 
5.7 1.3 0.1. 0.6. 
7.1 1.3 0.1. 0.5. 
7.1 1.2 0.1. . 0.4, 
6.7 1.3 0.1. 0.2. 
5.1 1.7 0.1. 0.2, 
§.1 1.4 0.1. 0.3. 
§.7. 1.2 0.1. 0.3. 
3.3 1.1 0.1. 0.2. 
3.1 0.1 0.1. 0.3. 
AMYLASE 
MALTOSE IN ONE GM. STARCH MALTOSE EXPRESSED IN GMS. 
9.3. 0.160. 
9.5. 0.140. 
7.4. 0.200. 
18.0. 0.080. 
15.0. 0.100. 
6.7. 0.220. 
4.8. 0.300. 
37.0. 0.040. 
Does not reduce. 0.000. 
TRYPSIN 
DRCT. AC. TOTAL AC. CONT. DRCT. AC. CONT. TOTAL AC. 
3.4. §.1. 0.8. 2.5. 
4.2. 4.2. 0.7. 8.3... 
5.3. 3.9. 0.5. 3.2. 
4.0. 4.1, 0.4. 3.2. 
§.1. 4.2. 0.5. 3.3. 
7.0. 4.5. 0.6. 3.3. 
6.5. 4.3. 0.5. 3.2. 
3.6. 3.8. 0.4. 3.2. 
2.4. 3.6. 0.4. 3.2. 


Null* in his article on the Importance of a Routine Examination of the 
Duodenal Contents in Selected cases says: ‘In pathologic cases many de- 
viations from the normal are found, the enzymes may be studied and checked 
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with the normal. If either one or the other is absent or weak in quantity 
it may be due to the intolerance of some particular class of food with the 
resulting symptoms. If there is an acute inflammation of the pancreas there 
may be an increase of the enzymes; if there is a decrease of the enzymes 
there may be a neoplasm in the head of the pancreas.”’ 

The above being the case have we not another check on our diagnosis 
of diseases of the pancreas as well as disorders of the gastrointestinal tract? 
For example, given a patient who is not, according to fecal analysis, digest- 
ing his starch, have we not here a simple check to tell us whether or not the 
enzyme amylase is at fault? The same applies to the other two articles of 
food for they all fall in either one of three classes. 


SUMMARY 


1. We believe that the Lueders-Bergeim method is an accurate, simple, 
rapid, yet inexpensive method for the determination of the amount of enzyme 
activity in duodenal fluid. 

2. We have demonstrated the rapidity with which enzymes disappear 
from duodenal fluid when kept at room temperature. 

3. We are convinced that we have overthrown the old theory that there 
is no selective action of the enzymes. In other words we are convinced that 
all of the enzymes are not stimulated to the same extent following the in- 
gestion of any one particular kind of food, that each enzyme having a more 
or less definite action to perform is secreted in greater abundance when it 
has a greater amount of work to do. We cannot see how it could possibly 
be otherwise when time after time we have gotten the same results following 
the ingestion of one certain food as we have previously shown and that all 
three enzymes are stimulated to a more or less even degree when a diet 
consisting of an equal mixture of the three foods is given. 

4. We believe that this method will materially aid both the surgeon and 
the internist in making a more accurate diagnosis of the diseases of the 
pancreas and the disorders of the gastrointestinal tract. 
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LABORATORY METHODS 


A RAPID METHOD FOR THE DETERMINATION OF URINE 
SUGARS* 


By Georce W. Pucuer, Px.D., Burra.o, N. Y. 


| ee the estimation of a small number of urine sugars the titration method 
of Benedict gives very excellent results. However, where a large number 
of routine examinations are made daily this method becomes tedious and is sub- 
ject to considerable error if great precautions are not taken, particularly when 
put into the hands of a technician. The following method, which is very rapid 
and allows the simultaneous determination of a large number of sugars, has 
been carefully checked for over one year, and is found to give consistent and 
accurate results. 

Hitherto, the disadvantage of applying any of the existing colorimetric 
methods to the estimation of urine sugars has been the difficulty of removing 
interfering substances particularly creatinine. Folin’s' application of Lloyd’s 
reagent for this purpose made it very easy to determine urine sugars with rela- 
tive accuracy. For our work the Myer-Benedict sugar method was adopted, 
since this can be so adjusted that the small amounts of sugar or reducing sub- 
stances generally present in normal urines do not have an appreciable influence 
on the final result. That is to say, in using the blood sugar standard (3 c.c. 
= 0.6 mg. dextrose) urines containing less than 80 mg. of sugar per 100 c.c. 
do not give a readable color. In other words, since the volumes of the 24 hour 
samples generally fluctuate between 1000 and 1800 ¢.c. sugar quantities below 
one to two grams are not determined analytically. 


EXPERIMENTAL WORK 
That Lloyd’s reagent is efficacious in the removal of creatinine and inter- 


TABLE I 
COMPARISON OF COLORIMETRIC AND BENEDICT TITRATION METHOD 


GRAMS GLUCOSE IN TOTAL VOLUME , 
COLORIMETRIC CREATININE IN 


VOL. OF URINE BENEDICT 
TITRATION METHOD TOTAL VOLUME 
1000 5.2 5.5 1.3 
2500 114.0 112.0 2.0 
1980 30.0 33.0 1.5 
800 4.2 4.4 1.0 
1040 16.6 16.5 1.8 
1700 23.0 24.6 
800 3.0 (?) 3.6 
580 10.6 10.5 


*From the Laboratories of the Buffalo General Hospital. 
Received for publication, October 6, 1923. 
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fering substances is shown by the fact that a series of urines containing from 
0.5 to 2 gm. of creatinine per liter did not give a readable color after treatment 
with Lloyd’s reagent and boiling with alkaline picrate. Furthermore, pure 
creatinine solutions, in concentrations equivalent to 0.5 to 3.0 gm. of creatin- 
ine per liter also gave negative colors after treatment with Lloyd’s reagent. 

The accuracy of the method may be judged from the representative data 
given in Table I. 

Table I indicates that the two methods give values which agree very well, 
when the quantity of sugar is above 4 gm. per liter. Below this amount it is 
very difficult to obtain consistent values by the titration method. 


TABLE II 


CoLORIMETRIC RESULTS FROM THE ADDITION OF KNOWN QUANTITIES OF SUGAR TO URINES 
WHICH GIvE A NEGATIVE BENEDICT (NORMAL URINES) 


GRAMS GLUCOSE GRAMS GLUCOSE DILUTION OF URINE CREATININE 
PER LITER FOUND PER LITER PRESENT QUANTITATED PER LITER 
1.5 1.0 4:10 13 
2.8 2.0 
5.3 5.0 ae 1.5 
7.0 2:10 
7.0 7.0 
8.0 8.0 
7.9 8.0 
10.0 10.0 
20.0 20.0 1:10 " 1.2 
20.5 20.0 
38.0 40.0 1:10 
37.0 40.0 


This table shows that the values above two grams of sugar per liter are very 
satisfactory. Below two grams per liter the results are always somewhat high, 
due to the interference of the reducing substances normally present in urines. 


METHOD 


Reagents.—1. Benedict qualitative solution. 

2. Three per cent Sulphuric acid. 

3. Sugar Standard: 0.1 per cent pure anhydrous dextrose diluted 1:5 with 
a water saturated solution of picrie acid. 

4. A water saturated solution of picrie acid. 

Procedure.—In order to obtain an estimate of the amount of sugar present 
in the urines, s0 as to choose the proper dilution for analysis the following 
routine for the Benedict test has been adopted. The Benedict qualitative sugar 
reagent gives a distinct reduction (pale green) with 0.2 ¢.c. of urine containing 
0.2 per cent glucose and a decided positive (+) with 0.3-0.7 per cent. In 
view of this it is our endeavor to use about 0.2 ¢.c. of urine which is obtained 
in the following way: 

An ordinary test tube is filled about one-half full of the urine and in- 
verted. To the liquid now remaining in the test tube (which with a little 
practice becomes very uniform, 0.2 to 0.3 ¢.c.) is added 3 to 5 ¢.c. of Bene- 


q 
i 
q 
. 
q 
q 


270 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


dict’s qualitative solution. The tubes are now immersed in a boiling water- 
bath for exactly five minutes and the reactions recorded: 


+ green too low to quantitate 


+ olive green 4 c.c. urine and 6 ¢.c. 3 per cent sulphuric acid 


+++ bright yellow 1 ‘* ‘* g 


These dilutions of urines are prepared in small dry Erlenmeyer flasks and 
the solutions shaken for one minute with about one gram of Lloyd’s reagent 
and filtered immediately through a dry filter paper into another dry flask. 

Two c.c. of the clear filtrate are pipetted into a dry sugar tube, and 8 c.c. 
of the saturated picrie acid solution added. The contents of the tubes are 
now thoroughly mixed and exactly 7 ¢.c. removed by means of a Folin pipette 
and discarded, thus leaving 3 ¢.c. in each sugar tube. In the meantime another 
sugar tube is prepared containing 3 ¢.c. of the sugar standard. Now, after the 
addition of 1 ¢.c. of 20 per cent sodium carbonate to both the unknown and 
standard, the tubes are immersed in a boiling water-bath and after 10 minutes 
cooled to room temperature. The tubes are now diluted to the appropriate 
marks and read in the usual manner [standard generally diluted to 10 e¢.c.]. 
Take 5 readings, which should check within 0.2 to 3 mm. for the final value. 


Calculation.— 


If the urine dilution was 1.10 
If the standard dilution was 10 ee. set at 20 mm. 
If the unknown dilution was 10 e.e. 


Then.— 
(0.2) (volume of urine) 
Gr. glucose in total volume of urine = reading of unknown 


If the dilution was 2:10 divide the result by 2. 
If the urine dilution was 4.10 divide the result by 4. 


SUMMARY 


1. By the utilization of Lloyd’s reagent urine sugars can be rapidly deter- 
mined by the Myer-Benedict colorimetric method. 
2. The results agree with those obtained by the Benedict titration procedure. 


REFERENCE 


iJour. Biol. Chem., 1922, p. 377. 


METHOD OF MEASURING SALIVARY SECRETIONS IN HUMAN 
BEINGS* 


By Curt P. Wapa, Bautimore, Mp. 


| N connection with some work in which we attempted to condition the 
salivary reflexes of the parotid gland in human beings we had occasion to 
develop a technic which may be of more general use for quantitative work 
on the secretion of duct glands. For work on human subjects the first step, 
of course, is to get some painless and noninjurious method of collecting the 
secretion so that it can be measured. This first step offered many difficulties 


SW 


Fig. 1.—Sketch of suction disc cup. The dise is made of brass, the tubes of copper. 
The entire arrangement is silver plated to insure against injury due to chemical action 
when the dise is placed in contact with the acids of the mouth. The diameter of the inner 
chamber is 10 mm. The width of the outer chamier is 2 mm. The depth of the disc 
measured on the inside is 3 mm. 


to workers, until a very ingenious device was constructed by Lashley.’ This 
device is called a suction disc cup. It has two concentric chambers with a 
small tube leading off from each chamber. The central chamber of the 
dise is placed over the outlet of the gland, and the air is sucked from the 


*From the Psychological Laboratory, Johns Hopkins Hospital, Ealtimore, Md. 
Received for publication, September 17, 1923. 
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outer chamber until the dise becomes firmly attached. Only a small suction 
pressure from an ordinary faucet pump is needed to establish a firm attach- 
ment. The secretion from the gland collects in the central chamber and then 
is pressed out of the tube. The amount of the secretion is measured by 
counting the drops which flow from the end of the tube. For work on condi- 
tioned reflexes, where exact time relations of the responses to the different 
stimuli are of prime importance, this method of measuring the secretion has 
a disadvantage in that the secretion most often issues forth in the form of 
gushes and not in drops. This makes any measurement very difficult. It was 
partly in order to overcome this difficulty that we devised the following modi- 
fications and additions to Lashley’s dise. A sketch of our dise is shown in 
Fig. 1. The dise and tube are made of silver plated brass and copper. This 
dise is constructed just the same as Lashley’s except for an additional tube 


Fig. 2.—Cross-sectional diagram of disc attached over orifice of the duct from the parotid 
gland and device used for measuring amount of secretion. 


to the central chamber. One tube goes into the top of the chamber, the 
other at the bottom. A small piece of soft rubber tubing is attached to the 
end of the top tube, which permits this tube to be closed off when necessary 
by placing a clamp on the rubber. A piece of soft rubber tubing several 
feet in length is attached to the bottom tube from which the secretion flows. 
This rubber tubing is connected to a small T-tube which is joined to a long 
glass tube that is attached to a meter stick in the manner shown in the sketch 
in Fig. 2. The dise is attached over the orifice of the gland on the inside of 
the cheek in the usual way. Warm water is poured into the opening of the 
tube (a) leading to the top of the inner chamber until the entire system, that 
is, the central chamber, the rubber tube leading to the glass tube, and the 
entire length of the glass tube, are filled with water. This tube (a) is then 
closed off with a small clamp. The small piece of rubber tubing which is 
attached to the end of the T-tube is filled partly with water and partly with 
air, and the end is then clamped off. The air left in the top of this tube is 
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squeezed, a bubble at a time, down into the secretion stream flowing through 
the bottom of the T-tube. These bubbles serve as landmarks for register- 
ing the progress of the stream. The progressive positions of the bubble are 
read off on the meter stick under the glass tube. In this way very accurate 
measurements of the amount of secretion per unit time may be made. Al- 
most any degree of sensitivity of measurement may be obtained by diminish- 
ing the size of the lumen of the glass tube. The smaller the lumen, of course, 
the more rapid the flow. When the bubble reaches the end of the meter stick 
another bubble is introduced from the T-tube. This system of introducing 
the bubble into the stream is very simple and offers no difficulty. The meter 
stick supporting the glass tube is tilted at an angle just sufficient to permit 
the secretion to flow freely of its own accord, without the necessity of exer- 
tion of a pressure by the gland. The long piece of tubing from the dise in the 
mouth to the place where it is attached to the T-tube makes it possible for 
the wearer of the disc to move about within a fairly large radius and also to 
take various positions, from standing up to lying down, without in any way 
interfering with the function of the apparatus.* 


REFERENCES 


iLashley, K. 8.: Reflex Secretion of the Human Parotid Gland, Jour. Exp. Psychol., 1916, 
1, 461-493. 


*The responses of this gland have been successfully conditioned by Pavlov and often 
in’ dogs, but so far, no one has been successful in conditioning these responses in human beings. 
Our apparatus worked very well for the simple physiologic investigation of responses of the 
gland, for instance, the reaction to different kinds of direct stimuli, as sweets, acids, chewing 
movements, etc., but we, too, were not able to demonstrate any conditioned reaction. 


THE STAINING OF TREPONEMA PALLIDUM IN DRY SMEARS* 
By Ruts Gipert, M.D., anp H. A. Barres, B.S. 


_ laboratory of the New York State Department of Health receives, oc- 
easionally, throughout the year, dry smears to be examined for Treponema 
pallidum. Since no standard procedure has been in use for the staining of 
these smears, it was deemed advisable to determine the comparative value of 
a few simple stains. 

Smears were secured from the testicles of syphilitic rabbits. Treponema 
pallidum was always proved to be present by means of dark-field examination. 
These smears were divided into two sets. One set was fixed immediately by 
heat; the second set after an interval of four days, thus taking into consid- 
eration the time lost in transportation of specimens to the laboratory. No 
precautions were taken to make thin smears, since in our experience smears 
sent to the laboratory are usually moderately thick. The methods used and 
the results obtained are shown in Table I. 


*From the Division of Laboratories and Research, New York State Department of Health, 


Albany. Augustus Wadsworth, M. D., Director. 
Received for publication, August 28, 1923. 
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TABLE I 


| NUMBER OF SMEARS IN} 
NAME OF NUMBER OF SMEARS N 
WHICH TREPONEMA REMARKS UPON THE STAINS 


STAIN | EXAMINED PALLIDUM WAS FOUND FOUND 
Fontana 25 | 20 | 80 Treponema pallidum stained 


| brown to black against a 

| lighter shade background. 

| If smears were thick much 
precipitate was found. 

Tribondeau | 25 10 i 40 Modification of Fontana’s, 

using more concentrated 
| solutions. Results similar 
| to above. 

60 (Modification of Fontana’s us- 
| ing Ziehl-Neelson’s carbol 
| fuchsin instead of silver 
| nitrate. Treponema pal- 
| lidum stained a red color 

about same shade as back- 
ground. Easily overlooked 
in some smears. 

11 44 Microorganisms stained pur- 

ple. Treponema pallidum 

distinct. 

7 28 Much precipitate. Treponema 

' pallidum grayish black. 

| | Thin smears essential .or 

| success. 

Treponema pallidum not 
brought out sharply enough 
against background. Easily 
overlooked. Stained pale 
reddish pink. 

2 a Treponema pallidum stained 

a pale purple. Easily over- 

looked. 

1(?) (?) Much precipitate. Time to 

stain much longer than any 

of the above. 


0 No microorganisms found. 


Becker 25 | 15 


Noguchi 25 


Rosenberger 25 
& Fanz 


Lipp 25 6 24 


Ballenger 25 


25 


Proca & Va- 25 
silescu 
Oppenheim 25 0 
& Sachs 
Reitmann 25 | 0 
Benian 25 | 0 


0 No microorganisms found. 


0 No microorganisms found. 
0 No microorganisms found. 


No difference was observed in the morphology of the Treponema pallidum in 
the smears fixed immediately and those fixed after an interval of four days. Since 
Fontana’s method gave such excellent results upon twenty-five smears, it was 
decided to test an additional seventy-five smears, the result being that tre- 
ponemata were found in forty-four additional smears, that is, in sixty-four 
per cent of the one hundred smears examined. Since the negative smears 
were often the ones purposely made thick, it seems probable that if only thin 
smears had been used the percentage of positives would have been higher. 

The technic used in Fontana’s method was as follows: 

1. Smears were air dried and fixed with Huge’s fluid (1 c.c. glacial acetic 
acid, 20 c.c. formalin, and 100 ¢.c. dist. H,O) for one minute. 

2. They were next washed in water, then covered with mordant of 5 per 
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cent tannic acid in 1 per cent carbolic acid solution, and heated until steam 
arose. The heated mordant was allowed to act thirty seconds. 

3. Smears were rinsed quickly in water, blotted and covered with a 2 
per cent ammoniacal silver nitrate solution.* 

Heat was applied until steam arose and the heated stain was allowed to 
act thirty seconds. 

4. The specimens were finally washed, blotted and examined. 


SUMMARY 


1. A total of 375 smears made from syphilitic tissue secured from rabbits 
was examined to determine the relative value of 12 simple stains for the ex- 
amination of treponemata in dry smears. One hundred and fifteen smears 
were found positive by 7 of the 12 methods. 

2. Sets of 25 smears were examined, and the following percentage of posi- 
tives was found after staining with each of these methods :—Fontana’s method 
80 per cent; Becker’s method 60 per cent; Noguchi’s method 44 per cent; 
Rosenberger and Fanz 28 per cent; and Lipp’s method 24 per cent. 

3. Fifty-nine per cent of the 75 additional smears examined by Fontana’s 
method were positive. 

4. The morphology of the Treponema pallidum in the smears fixed after 
an interval of 4 days did not differ from that of the Treponema pallidum in 
the smears which were fixed immediately. 


*Ammonia should be added drop by drop to the silver nitrate solution until a faint 
opalescence succeeds the brown precipitate first produced. 


AN AUTOMATIC PRESSURE INJECTION APPARATUS FOR USE IN 
LOCAL ANESTHESIA* 


By Bevery Dovueuas, M.D., New Haven, Conn. 


HE use of large amounts of novocaine solution in local and regional 

anesthesia has led to the development of various syringes to avoid the 
constant change and refilling with the attendant breakage and loss of time. 
Such a device should be compact, should carry a large supply of solution, 
and, if possible, some means of automatic discharge, inasmuch as the plunger 
in large syringes leads to great expense for breakage. 

The following pressure injection apparatus has been developed in an 
effort to meet this demand. It consists of two main parts; a small metal 
tank to be filled with compressed air and a small reservoir for the solution. 
These two parts are so fashioned that when the reservoir is filled and screwed 
on to the small tank of compressed air, the pressure in the tank is automa- 
tically released. One then has in his hand, in a single unit of a size to handle 
easily, a given quantity of solution under measured pressure, injection of 


*From the Departments of Surgery, Schools of Medicine, Yale University and Univer- 


sity of Cincinnati. 
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which is controlled by a small thumb-cock. To use the apparatus, one con- 
nects the needle, presses the stop-cock and permits the solution to flow until 
the size of the wheal or the graduations on the reservoir show that a suffi- 
cient amount has been injected. 


The metal tanks are inexpensive and several may be kept on hand steril- 
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Fig. 1.—An automatic pressure injection apparatus for use in local anesthesia. Left, ap- 
Paratus assembled; right, parts and wrench in section. 


ized. They may be filled in advance from any source of compressed air, as 
a hospital compressed air system, a bicycle hand pump or the hydraulie com- 
pressed air tank mentioned below. 


A technical description of the apparatus follows: (a) (see Fig. 1.) ‘is a 
metal tank tested to stand 150 pounds of pressure. (b) is an automobile 
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valve stem which is seated at the end of (a) through a threaded dise. (c) 
is a small spring plunger valve such as is used in automobile tires. (d) 
is a standard rubber hose washer which serves to hold the metal tank 
hermetically sealed upon the end of the metal compartment (g) of the con- 
tainer. (e) is a gauge-glass container tested to withstand the same pressure 
as the metal tank (a). (f) is a cylindrical solid metal rod which is graduated 
to indicate cubie centimeter levels for the cylinder (e), and which has perma- 
nently attached to it a cup shaped end with a bevelled seat of pure tin 
(1) to seal hermetically to it the glass gauge (e). At the other end, the 
rod (f) is threaded. There is also a squared portion further toward the 
middle. (g) is a cylindrical metal compartment with a cup-shaped ending 
which serves to seat the other end of the glass cylinder (e). (1) is another 
bevelled tin seat for (e). In (g) is eut a square key-way prolonged outward 
by means of a metal shell to receive the squared portion of the rod (f) and 
to prevent it from turning. In the dise are cut also four larger openings 
through which solutions may be poured when the apparatus is assembled. 
(h) is an opening with female threads to receive the large male threaded dise 
attached to the tank (a). (i) is a faucet valve fixed eccentrically to the cup- 
shaped end of (f) which has a bevelled Luer or Astra ending with a re- 
taining pin for the attachment of a needle (i’). (j) is a cap nut threaded 
to receive the end of the rod (f). (k) is a small adjustable screw seated 
into (j) which serves to trip the plunger (ce). (j’) is a small hexagonal 
wrench which fits over nut (j). Attached to the inside of (j’) are two leaves 
of light spring metal which engage the nut (j) until it is securely screwed 
upon the end of the rod (f). The whole apparatus may be assembled readily 
by following the line drawing at the left in Fig. 1. 


CHARGING APPARATUS 


The small tanks may be charged effectively with air in several different 
ways: First, one may obtain a sufficient pressure with three or four strokes 
of a small bicyele hand-pump. This is the simplest procedure. Secondly, 
many hospitals have compressed air connections which may be used for this 
purpose. Thirdly, as a substitute for the usual compressed air pump the 
author has constructed an hydropneumatie apparatus which supplies con- 
stant air pressure for charging at a very nominal cost. This has been suc- 
cessfully employed at New Haven. Its design will be published in a separate 
article. 

Preparation—The apparatus may be prepared for use easily by the 
operating room nursing staff. Before operation the valves are removed from 
the tanks and both are autoclaved. The valves are then screwed down tightly 
and need not be removed during subsequent sterilizations. The tanks are 
charged in rapid succession with air which has passed through a cotton 
filter in the air connection on which they are screwed. The degree of pres- 
sure may be measured with an ordinary Schrader tire gauge. 

Having been charged with compressed air the small tanks are sterilized 
by boiling in the usual manner. This does not injure the valves. After 
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tightening the nut (j), which has been loosened to prevent breaking the 
glass during boiling, novocaine or other solutions may now be poured into 
the sterile container through (h), keeping the needle end downward. A 
pressure tank (a) is now screwed on. First the washer (d) seats, and thus 
seals the two compartments tightly, then with one quick half-turn more the valve 
is tripped, introducing pressure from the tank (a) into the container (e), 
and thus exerting continuous pressure upon the solution. Novocaine may be 
injected now in the usual manner, or other solutions may be sprayed through 
a small needle into a wound as in the use of dichloramine-T. Obviously, 
in order to prevent the escape of air from the needle the latter must be held 
at all times below the level of the solution. The graduations on the rod (f) 
will register accurately the amount of solution used, no matter what the 
position of the container (e). Faucet (i) may be opened or closed at will, 
the left or right thumb of the operator rolling the fan-shaped handle forward 
or backward. Tanks (a, a) each have a capacity suitable to discharge the 
entire amount of solution in (e), but should the pressure for any reason reach 
a point below the level required, another tank may quickly be substituted 
or the same tank may be recharged and boiled. Since the valve (ce) auto- 
matically closes, the tank (a) may be unscrewed at any time without dis- 
charging the entire content of compressed air, and the solution in (e) may 
thus be charged at will. The following accounts will serve to illustrate the 
experience of the author and of others in its use. 


Operation 1—Small Deep Skin Grafting of Granulating Wound of Ab- 
domen from Burn. Employing novocaine 1-50 in the apparatus, and with one 
metal tank to supply pressure, an area of 160 square em. was surrounded by 
four infiltration lines, using the ‘‘hollow square’’ method. This required 
only 17 ¢.c. of novocaine. There was no leakage, no undue pain to the 
patient, and the entire infiltration required about eighteen minutes. The 
tank had been charged with thirty-five pounds of pressure from the hydro- 
pneumatic apparatus. This amount seemed to infiltrate nicely without any 
trauma to the tissues. The solution was injected just beneath the epidermis. 
The area from which the grafts were cut healed with no untoward effects, 
and in the usual healing time. 

Operation 2.—Excision of Lipoma of Anterior Neck Region. Employing 
novocaine 1-200 two lines were infiltrated, one just Deneath the epidermis, the 
other somewhat deeper, under the superficial muscles. This required only 
8 c.e of novocaine and 2 minutes of time. The pressure used was forty 
pounds per square inch. The patient experienced no pain after the first 
prick. There was no leakage of the apparatus. The tumor was removed 
without difficulty. The wound healed per primam. Operator: Dr. George 
J. Heuer. 


SUMMARY 


An automatic pressure injection apparatus is described which has the 
following advantages: 
1. Moderate initial cost. 


STUDY OF KOLMER’S COMPLEMENT-FIXATION TEST 


2. Standardized parts: 

(a) Standard glass tubing for containers ; 
*(b) Schrader air-valves. 

3. Low cost of upkeep. Only the glass gauge is breakable and this is 
inexpensive. 

4. Low cost of charging. 

5. Ease of sterilization: The usual methods suffice. 

6. Cleanliness: The apparatus may be taken completely apart by un- 
screwing one bolt, ahd it may then be thoroughly cleansed, inside and out. 
All parts are nickeled. 

7. Ease of operation: The apparatus is portable. It may be used in the 
operating room without connection to a flask, and may be transported with- 
out loss of pressure. There are no moving parts save one faucet valve, con- 
sequently breakage and leakage are reduced to a minimum. High pressures 
without leakage make it especially suitable for denta! use. Novocaine or 
other solutions are not wasted. The amount of solution is easily and ac- 
curately registered. The pressure in the charging tanks may be varied at 
will, hence the operator has absolute control over the injection. 


*Permission by the manufacturer for their use is gratefully acknowledged. 


A STUDY OF KOLMER’S COMPLEMENT-FIXATION 
TEST FOR SYPHILIS* 


By L. O. Dutton anp Jess M. THompsSon, MEMPHIS, TENN. 


INCE Kolmer’ published his technic for a new complement-fixation test 
for syphilis, a number of investigators have found it to be far superior 
to most of the old technics. 

Kolmer? shows that the test is more delicate than either raw sera tests or 
heated sera tests, and that no false positives occur. Shamberg and Klauder*® 
conclude that the Kolmer technic is more sensitive, gives earlier positives, per- 
sists positive longer under treatment than the old test, and gives no false posi- 
tives. 

Five hundred comparative tests are reported here because they add more 
evidence of the value of this test. 

Samples of sera chosen at random, chiefly from the out-patient department 
of the University of Tennessee, Medical Department, were divided and run 
simultaneously by the Kolmer quantitative technic and by the technic used by 
the Pathological Institute, University of Tennessee. This is, briefly, as follows: 

1. Inactivation 15 minutes at 56° C. 

2. One cubic centimeter serum in front and back tubes. 

3. Antigen 0.2 ¢.c. added to front tubes. (Antigen used in this test is 
made according to Kolmer’s direction except for the absence of 0.2 per cent 


*From the Laboratories of the Baptist Memorial Hospital, Memphis, Tenn. 
Received for publication, October 9, 1923. 
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cholesterin. The antigen was used cholesterin-free at the request of the clin- 
icians submitting the blood samples from the out-patient department.) 

4. Antigen and serum in contact for 30 minutes before addition of com- 
plement. 

5. Add 0.3 ¢.c. pooled complement 1-20 dilution to both tubes. 

6. Ice box incubation for 16 to 18 hours. 

7. Add 0.5 ee. of 4 per cent sheep cell suspension and amboceptor. 
(Sheep cell percentage is caleulated on the basis of whole blood volume, and 
amboceptor is titrated to the standard complement dose given above.) 


8. Final incubation, one-half hour at 37° C. in water-bath. 


The technic as described above had been” found satisfactory in approx- 
imately 20,000 tests, and is the one in use routinely. It will be seen that this 
embodies many of the features of Kolmer’s technic that are designed to in- 
erease sensitiveness. The fifteen-minute inactivation period, method of antigen 
preparation (except cholesterin addition), antigen and serum contact for thirty 
minutes, ice box incubation, and 1-20 dilution of complement are all salient 
features of the new technic. It is to be expected, then, that a closer agree- 
ment will exist between these two tests than has been reported by most of the 
other investigators. The Institute technic has been found also to give more 
reliable results clinically than the older methods, many of its features having 
been in practice before the publication of Kolmer’s paper. 

Table I shows that of the 501 tests the Kolmer technic gave 138 positive 
reactions, 361 negative and 2 anticomplementary reactions. The Institute 
technic gave 144 positive reactions, 351 negative reactions and 6 anticomple- 
mentary reactions. These figures apparently denote the Institute method as 
more sensitive. However, Table II shows that of the cases where a variation 
in result was obtained and a history was available, the Kolmer technie gave 
four positives on Institute negative eases, and the Institute gave only 1 posi- 
tive on Kolmer negative cases in the untreated syphilitic group. 

In the untreated nonsyphilitic group (Table III), the Kolmer method 
gave four positives on Institute negative cases, and the Institute test gave 8 
positives on Kolmer negative cases. 

In ten treated cases (Table IV), the Kolmer test gave five positives on 
Institute negative cases, and the Institute test gave 5 positives on Kolmer 
negative cases. 

The inference from the findings is, that the Kolmer technic is slightly 
more sensitive, but less apt to give false positives than the Institute technic. 
Anticomplementary reactions are rare by the Kolmer method, as they occurred 
only on two sera that remained anticomplementary by both tests on repeated 


runs. 

On the four ‘‘nonsyphilitic’’ cases that gave positive reactions by the Kol- 
mer test, the histories were manifestly incomplete, and showed only that at the 
time of the tests there were no signs of syphilis. The cases were of a negro 
group, however, where syphilis is extremely difficult to exclude without search- 
ing histories. It is significant to note that out of the entire 138 positives by 
the Kolmer technie only 21 were less than elear cut four plus reactions, and 
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of the 144 Institute positives, 22 were less than four plus reactions. The fig- 
ures for the Institute method indicate that it is a highly sensitive test itself. 
Many of the weaker reactions by the Kolmer test, however, were positive in © 
some degree in the second, and sometimes in the third, tube of the quantitative 
series, thus adding weight to what would otherwise have been a doubtful result. 


TABLE I 
RESULTS OF FIvE HUNDRED COMPARATIVE TESTS 


NEGATIVE POSITIVE ANTICOMPLEMENTARY 
Kolmer Technic 361 138 2 
Institute Technic 351 144 6 
TABLE II 
RESULTS IN FiIvE CASES OF UNTREATED SYPHILITICS WHERE VARIATION IN RESULTS WERE 
ENCOUNTERED 


Kolmer Technic positive—Institute technic negative 4 
Kolmer Technic négative—Institute technic positive 1 
TABLE III 
RESULTS IN TWELVE CASES WITHOUT SIGNS OF SYPHILIS WHERE VARIATIONS OCCURRED 
Kolmer technic positive—Institute technic negative + 
Kolmer technic negative—Institute technic positive 8 
TABLE IV 
RESULTS IN TEN CASES OF TREATED SYPHILIS WHERE VARIATION IN RESULTS OCCURRED 
Kolmer technic positive—Institute technic negative 5 
Kolmer technic negative—Institute technic positive 5 


The quantitative feature of the Kolmer method cannot be too highly rated, 
as the added information obtained is well worth the time consumed in setting 
up such a test. Since the Institute technic so closely approximates the Kolmer 
technic the figures are not startlingly in favor of the latter. It is to be noted 
that this comparison is of two highly superior technics for performing the com- 
plement-fixation test, and that the work was done in séparate laboratories by 
different workers. In view of this the agreement was remarkably close. But 
there is sufficient evidence to indicate that even here the Kolmer method is the 
more reliable, more sensitive and gives more information, than the technic com- 
pared with it in this series. 

SUMMARY 

As a result of 500 comparative tests the new Kolmer technic for syphilis 
was found highly satisfactory and more reliable than a test which had been 
proved clinically and experimentally superior on 20,000 tests. 
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EDITORIALS 


Unusual Specific Allergens 


OST experimental evidence regarding asthma indicates that the disease 

usually follows contact with a specific protein to which the patient is 
sensitive. It is not long, however, since it was considered to be primarily 
nervous. -In Osler’s first edition (1892) we find that ‘‘bronchial asthma is a 
neurotic affection, characterized by hyperemia and turgescence of the mucosa 
of the smaller bronchial tubes and a peculiar exudate of mucin. The attacks 
may be due to direct irritation of the bronchial mucosa or may be induced 
reflexly by irritation of the nasal mucosa and, indirectly, too, by reflex in- 
fluences from stomach, intestines and genital organs.’’ The same paragraph 
appears in editions as late as 1913. In fact, it is only within the last decade 
that the conception of asthma as an allergic disease has received general recog- 
nition. During this time strides have been rapid and asthma, like other af- 
fections of obscure origin, has at last been removed from the catch-all cate- 
gory of ‘‘nervous diseases,’’ in which the patient must bear the onus of 
appearing willfully to seek chronic invalidism. We must acknowledge the 
regrettable tendency, when faced with a diagnostic problem which, with 
existing knowledge we cannot solve, to place the blame on the patient’s 
mental attitude and to ‘‘clear our own skirts’’ by declaring the disease to be 
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of nervous origin. All students of the practice of medicine have had the 
experience of concluding that a certain individual’s symptoms were nervous, 
only later to discover their ample justification in advancing organic pathology. 

But more important is the fact that coincident with the recognition of 
an allergic basis for asthma, and certain other diseases, the means of cure 
has developed, so that hitherto hopelessly chronic invalids find themselves 
well, and useful members of society. 

The discovery of the specific cause in the individual case is often most diffi- 
cult, and even today we note the same tendency towards blaming the patient, 
in that some authors still include a neurotic form in their classifications of 
asthma. The truer interpretation of these obscure cases is that, although 
with existing knowledge we cannot yet discover the cause, it will probably 
eventually be found to be directly or indirectly associated with some aller- 
genic substance. | 

Each year the list of proteins causing asthma and other sensitization 
diseases is enlarged by the names of substances which one would scarcely 
have suspected as coming in frequent contact with the patient. Thus, with- 
out special consideration, one would be inclined to say that individuals are 
rarely exposed to rabbit hair, and yet not a day passes but each of us es- 
tablishes repeated contact with this substance. It is an important con- 
stituent of felt, and is present in felt mattresses, felt hats, etc. It often 
appears as the small piece of fur adorning childrens’ toys. Rabbit hair has 
indeed within the last year acquired a position of almost greater importance 
than feathers as a cause of bronchial asthma. Eczema appears to be the 
predominating symptom in individuals sensitive to wool. 

Dust may be irritating in a purely mechanical way, but certain house 
dusts are specifically allergenic. Some individuals will contract asthma only 
upon entering certain rooms. Cooke’ finds that the substance in such dusts 
is different from other recognized preteins such as the pollens, epidermal 
proteins, ete. The specific principal has not been isolated. He also records 
that hay dust may act specifically even though the individual is not sensitive 
to the pollen from the same plant. He records the case of a man who de- 
veloped asthma after the handling of objects packed in timothy hay. He 
suffered no hay fever or asthma during the timothy pollination season and 
tests with this pollen resulted negatively, while an extract of the hay itself 
gave definite positive reactions. | 

Clarke and Meyer? report a case of urticaria due to hypersensitiveness 
to some substance in silk fabric. An extract from a single strand of silk 
taken directly from the cocoon caused a prompt positive skin reaction. They 
believe the reaction to be due to the glue rather than to the insoluble fiber. 
Several cases sensitive to glue have been reported. 

Certain manufacturers of pollen extracts advise that since 90 per cent 
of cases of early hay fever are due to timothy, and 90 per cent of the late 
eases to ragweed, these pollen extracts may be given routinely. This does 
not, however, provide for the additional 10 per cent who may be sensitive to 
other common pollens or to the rarer varieties. Thus corn pollen, in Virginia 


a 
ry, 
a 
= 


284 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


at least, is a more frequent cause than is generally suspected. Some house 
plants and apparently even certain ferns may be responsible for hay fever 
or asthma. Duke records cases of sensitiveness to such poliens as choreopsis. 

Orris root occasionally appears as an allergenic substance. This is 
widely used in the manufacture of perfumes, flavoring extracts and toilet 
articles, including tooth paste, face powder and soap. 

Duke* records sensitiveness to various kinds of smoke as wood smoke 
and gasoline smoke. One patient who had asthma, due apparently to gaso- 
line smoke, could invariably obtain relief by moving to a different part of 
the hotel in which he lived. The room in which he would develop asthma 
was situated directly over a garage. 

Le Page’s glue, flaxseed, linseed, cotton seed, mustard, pepper, buck- 
wheat and various nuts are but few of the many less common proteins which 
have been shown to be specifically allergenic. 

Hypersensitiveness to therapeutic serum is commonly recognized. Duke 
records two interesting cases in which asthmatic patients were for one reason 
or another transfused from donors who, with the customary blood groupings, 
had been found to be entirely compatible. The first case had previously 
suffered from asthma due to milk, and gave positive skin reactions with 
lactalbumin. The second was sensitive to tomato and cabbage. In each case 
the donor had previously eaten foods to which the patients were sensitive, 
and the interpretation was that the reaction following transfusion was due 
to the patient’s sensitiveness to exogenous proteins in the donor’s blood. 
This phenomenon, if the interpretation be correct, would find its analogy in 
the allergic symptoms developed by breast-fed infants sensitive to foods eaten 
by the mother. 

One may be sensitive to proteins entering the body through one portal . 
and nonreactive to the same protein when the contact is through another 
tissue. Thus, individuals in bakeries may develop asthma on inhaling flour 
dust and yet may eat wheat with impunity. 

Other substances whose allergenic character has not been demonstrated 
may later come within the general classification. Such are the essential oils, 
turpentine, cedar oil, benzol, gasoline, coal smoke, and drugs, particularly 
iodoform, formalin, novocaine, aspirin, ete. 

It has not been conclusively demonstrated whether individuals may be 
specifically sensitive to the proteins of bacteria which they are harboring in 
foci of infection or elsewhere. Walker* and Rackemann’ are inclined to the 
opinion that asthma may result from such specific sensitization as to staphy- 
lococeus aureus, nonhemolytie streptococcus, ete. Cooke doubts the evidence, 
and advises against the use of the term ‘‘bacterial asthma.’’ ‘‘Since the 
diagnosis of bacterial asthma is not as yet susceptible to positive proof, 
and is only arrived at by exclusion, the writer has taken the attitude that it 
is wiser to continue to search for new factors which can be shown to be 
specific agents.”’ 

In this connection we may refer briefly to certain lay press reports 
which recently gave prominence to papers read at the last meeting of the 
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American College of Surgeons, in which it was stated that asthma is usually 
due primarily to focal infection and only secondarily to protein sensitiza- 
tion. The editor has not had access to the articles referred to, but would 
emphasize that the reverse is probably more nearly the true state and con- 
forms more to existing knowledge, namely, that an allergic state is the basis 
of asthma, and that secondary nonspecific factors, among which focal infec- 
tion may be included, may serve to accentuate the symptoms. Various 
authors have suggested the interaction of specific predisposing causes and 
nonspecific activating causes. The specific cause, of course, may also play 
the activating réle, in fact usually does so. 

A recently developed hypothesis relating to allergic diseases and one 
which has much clinical evidence in its favor, is that one may be sensitive 
to a protein, particularly a food protein with daily contact and yet develop 
attacks of illness only at intervals. The patient is allergic, but is in a ‘‘bal- 
anced allergic state.’’ By some mechanism, at present unknown, he is able 
to tolerate certain quantities of the specific allergen. An unusual amount 
of this protein will overthrow the balance. This overthrow may likewise be 
accomplished by nonspecific activating factors, such as focal or other infec- 
tion, constipation, overeating, mechanical factors (dust, exposure, etc.), ex- 
haustion, ete. 

The search for the obscure cause of bronchial asthma and other sensitiza- 
tion diseases sometimes calls for deductive powers greater than those shown 
by the great Sherlock himself. Here as always, enthusiasm has tended to 
carry us beyond the confines of judgment and reason. Certain substances 
have been shown to be specifically allergenic. Others are inferentially so, 
because removal of contact therewith relieves symptoms. Beyond this, for 
the present, we find ourselves in the realm of romance. In all probability 
some of the substances mentioned in this review will remain in the third 
classification. 

While we are romancing, particularly with regard to odors, volatile 
oils, ete., let us carry the idea a bit farther. We have seen asthmatics sensi- 
tive to horse dander who ‘‘can tell when a horse is in the vicinity,’’ without 
developing frank asthma. Whoever has listened to a fox hunt knows well 
the change in the note of the hounds who have been following rabbit tracks, 
the instant they come across the trail of a fox. What has M. Reynard left 
behind? An odor? Epidermal protein? 
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BOOK REVIEWS 


(Books for Review should be sent to Dr. Warren T. Vaughan, Medical Arts Building, 
Richmond, Va.) 


Rhus Dermatitis (Poison Ivy)* 


NE desiring to study poison ivy or poison oak, and the clinical condi- 

tions resulting from contact therewith, may feel confident of finding 
much of the required information in this volume. In 215 pages the author 
has considered poison ivy and ivy poisoning from the botanical, the chemical, 
the pharmocologic, the clinical and the therapeutic points of view. In addi- 
tion there is a comprehensive bibliography covering 77 pages. 

Ivy poisoning appears, like syphilis, to have been unknown in Europe 
prior to the discovery of America.. Captain John Smith, that writer on many 
subjects, described the disease and the plant as he saw them in the new 
world. Poison ivy and poison oak are botanically very similar and belong, 
in all probability, to the same family. The latter grows much larger and in 
one instance it has become a tree-like plant fourteen feet high with a base 
diameter of six inches. The poison appears to be present only in the resinous 
sap, which is not distributed equally throughout the plant. The poison is non- 
volatile and is not present in the pollen. The nontoxic portions are anthers 
pollen, xylem, epiderm’s, cork cells and trichomes. The author concludes that 
actual contact is necessary for poisoning. The apparent exception is in the 
ease of smoke from the burning plant. This is again a matter of actual 
contact, for the smoke when filtered through glass wool, is no longer toxic. 

MeNair considers the poison to be a chemical substance containing an 
unsaturated compound of the aromatic series, with carbon, hydrogen and 
oxygen. The oxygen may exist combined as hydroxyl. Its behavior is phenol- 
ic in character. 

While natural immunity or tolerance exists, it is usually relative and 
seldom absolute. Some animals and birds appear immune. There is no 
racial immunity. Immunity may vary in the individual. Liability to poison- 
ing depends upon contact with toxic portions, upon the poison content of 
the resinous sap, the state of turgescence and ease of fracture of the plant, 
upon conditions of light and atmospheric humidity, and upon the conspicuity 
of the plant, the ease with which it may be seen and recognized. As a result, 
the spring has the greatest number of cases, when the plant is fresh, green, 
soft and full of sap. In the autumn when the leaves are characteristically 
brilliant, few cases occur, and the least number is observed during the dor- 
mancy of the plant from November until February. 

The author reviews the various remedies recommended for the disease 


*Rhus Dermatitis. From Rhus Toxicodendron, Radicous of Diversiloba (Poison Ivy) 
Its Pathology and Chemotherapy. By James B. McNair. Pp. 2938. Cloth. Price $4.00. 
University Chicago Press. June, 1923. 
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and concludes his observations with two plans for treatment which appear 
rational in the light of his experimental work. He emphasizes particularly 
the application of ferric chlorid solution externally. One might be tempted 
to conclude from perusal of the book that the selection of this antidote is 
more empiric than the author himself believes. 


Laboratory Studies in Tropical Medicine* 


HE wide variety of parasitic infections found chiefly, or only, in tropical 

and subtropical climates has caused the growth of a special field of study in 
tropical medicine. Here an acquaintance with the causative organism of the 
various infections is of the utmost importance. <A small portion of the 
book is devoted to routine laboratory methods as of necessity modified for 
use in the tropics, while in the remainder the various infecting parasites are 
described in detail. The volume is abundantly and well illustrated with 
graphie drawings. A series of photographs and photomicrographs accom- 
panying these drawings would add greatly to the value of the book. There 
is no bibliography. | 

The occasional occurrence of disease in the temperate zone due to in- 
fection with a tropical parasite, and the importance of recognition of these 
sporadie eases should make this a valuable reference book for others than. 
those primarily interested in tropical medicine. 


Non-Surgical Drainage of the Gall Bladdert 


EDICAL biliary drainage has, since the publication of Lyon’s work, be- 

come so popularized that an authoritative treatise on the subject is highly 
desirable. The users of this diagnostic and therapeutic measure are ranged 
from those who deny its value to those who are its most ardent supporters. 
The majority of clinicians perhaps, haye obtained questionable results in 
many cases, but in the occasional case have seen such success that they feel 
that there must be some logic to the procedure. As one peruses Dr. Lyon’s 
detail of his method, one discovers that very frequently the method has not 
been applied in practice in accordance with the recommendations of its 


author. 


*Laboratory Studies in Tropical Medicine. By C. W. Daniels, M. B. Camb., F.R.C.P. 
London. Late Lecturer on Tropical Disease at the London Hospital; St. George’s Hospital ; 
London School of Medicine for Women; formerly Director of the London School of Tropical 
Medicine. Director of the Institute for Medical Research, Federated Malay States; Member 
of the Royal Society Malaria Commission in India and Africa, and in the Medical Service 
of the Colonies of Fiji and British Guiana; Consulting Physician, Hospital for Tropical 
Diseases. And H. B. Newham, C.M.G., M.D., Durh., M.R.C.P. London., D. P. H. Camb., 
D. T. M. & H. Camb. Director of the Department of Tropical Pathology and Warden of 
Studies, London School of Tropical Medicine; late Temporary Lt. Col. Royal Army, Medical 
Corps and Consultant in Tropical Diseases East African Forces. Fifth edition. Cloth. Price 
$7.00. Pp. 576. New York, William Wood and Company. 1923. 

+Non-Surgical Drainage of the Gall Tract. A Treatise concerned with the Diagnosis 
and Treatment of certain diseases of the biliary and allied systems, in their relation to 
. gastroenterology and general clinical medicine. By B. B. Vincent Lyon, A.B., M.D., Chief 
of Clinic, Gastrointestinal Department of the Jefferson Hospital; Associate in Medicine in 
the Jefferson Medical College; Attending Physician to the Methodist Episcopal Hospital, 
Philadelphia. Cloth. Price $10.00. Illustrated with 175 engravings and 10 colored plates. 


Pp. 640. Lea and Febiger, Philadelphia and New York. 1923. 
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Study of the book leaves the impression that the author is, perhaps, a 
little over-enthusiastic. This is particularly brought out in the wide variety 
of types of disease treated, conditions in which sometimes the patient’s 
mental attitude has rather an important bearing. However, the cases re- 
ported are described in sufficient detail that any one may draw his own 
conclusions, and in the majority thereof, the condition has been followed 
for a sufficiently long time. 

Apparently for the sake of completeness the author has devoted a large 
portion of the book to description of the anatomy, physiology and pathology 
of the biliary tract, together with discussion of the diagnosis and general 
treatment of gall tract disease. 


Diugnostic Methods* 


FOURTH edition can scarcely be considered as requiring an introduc- 

tion, and would appear to have already demonstrated its worth. To 
those who have not used this book we may say that its major virtue is its 
brevity. As the name implies it deals only with those clinical and laboratory 
methods commonly employed in arriving at a diagnosis and omits discussion 
of the variability or the significance of findings. The author has therefore 
been able to concentrate instructions in laboratory technic within a rela- 
tively small volume. Although the technic of the standard Wassermann reac- 
tion is described, the value of this portion of the book is open to question 
because of the many recent advances and changes in this thoroughly com- 
plicated procedure. The complement-fixation test for gonorrhea is likewise 
described perhaps too briefly. With these biochemical reactions so many 
variables play a part that discussion must perforce be more detailed. The 
newer precipitation tests for syphilis, and the methods of functional exam- 
ination and study in the different diseases are not incorporated. 

The book makes no pretense of being an exhaustive treatise but is in- 
tended primarily as an outline for the use of students in medicine. It should 
be of value not only to this group but also to laboratory technicians in 
general. 


*Diagnostic Methods. By Herbert Thomas Brooks, A.B., M.D., F.A.C.P., Professor 
of Clinical Medicine, College of Medical Evangelists, Los Angeles, California. Formerly 
Professor of Pathology, College of Medicine, University of Tennessee, Memphis, Tenn. Fourth 
edition. — illustrations. Cloth. Price $1.75. Pp. 109. C. V. Mosby Co., St. Louis, 
Mo., 1 
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